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I. INTRODUCTION 
The genus Calanagrostis, with about 250 species, is distributed 
worlwide including approximately 70 poorly known species in the paramos 
and puna of South America, where some of then are very important forage 
for cattle, llamas, alpacas, vicunas, guanacos, rabbits, and sheep 
(personal observation). 
An adequate taxonomic treatment of the genus has not been possible 
due to various factors contributing to taxonomic confusion (within the 
genus itself and with the closely related genera, Deschampsia, Agrostis, 
Trisetum, etc.), such as polyploidy, apomixis and hybridization. Also, 
there has been disagreement among taxonomlsts from different parts of the 
world referring to the taxonomic position of the genus Calamagrostis. 
As a result, the classification of Calamagrostis has been presented 
at levels of sections, subsections, species, varieties, forms, 
etc., depending on what each author considered important, and relying 
largely on gross morphological characters of the shoots, spikelets, 
inflorescences, and leaves. At the level of tribe, there is a controversy 
whether Calamagrostis belongs to Agrostideae (Hitchcock, 1951; Parodi, 
1964; Pohl, 1980) or Aveneae (Clayton and Renvoize, 1986; Gould and Shaw, 
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1983; Stebbins and Crampton 1961; Tateoka, 1974a, 1974b, Vasey 1892). 
Many authors have argued whether to separate Calamagrostis and Deyeuxia. 
Bjoerkman, (1969); Burkart, (1969); Gould and Shaw, (1983); Hauman and 
Vanderverken, (1977); Lamson-Scribner, (1892, 1899); Stucker, (1911); 
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Rosengurtt et al., (1970); and Vasey, (1892) have accepted the genus 
Calamagrostls in their publications. When they referred to Deyeuxia, 
they placed it within a lower taxonomic category (subgenus, section, 
series). 
Among the splitters of the geneus are Bor (1973), Cabrera (1970), 
and Rugolo (1978). Parodi (1949) used Hackel's criteria in considering 
Calamagrostis as a genus. However Parodi (1953a) decided to follow 
Benthan and Hooker, validating the genus Deyeuxia. His opinion has been 
followed by Tuerpe, (1962), and Rugolo (1978). Because of the discussion 
presented in part VI A and considering the priority of the genus 
Calamagrostis over Deyeuxia the widely accepted concept of 
Calamagrostis is used here. This genus is attributed to Adanson 
(1763) with emendations by Roth and Kock's division of the genus 
into sections Epigeios and Deyeuxia, considering subsection Stylagrostis 
within the latter, until a further revision of the genus is done. 
My study included field work and laboratory work done not only on the 
species other within subsection Stylagrostis, but also on most of the 
other Calamagrostis species inhabiting South America. This study provided 
sufficient evidence to attempt a taxonomic treatment for a group of 
Calamagrostis, section Deyeuxia, subsection Stylagrostis inhabiting 
the Andes (paramo and puna). In order to determine the outgroup and 
establish possible relationships amcng the species inhabiting South 
America, the species growing in Brazil, Paraguay, Uruguay, and southeast 
Argentina were studied. It is my intention to present a taxonomic 
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treatment for 14 species, hoping it will help clarify the taxonomy of 
Calanagrostis. However, more basic research is needed and future work 
will continue in order to improve understanding of the taxonomic position 
of the South American species. 
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II .  MATERIALS AND METHODS 
A. Herbarium Studies 
Data obtained from herbarium specimens included morphological 
measurements, observations, and distributions reported by collectors, 
as well as common names that have been applied to the plants. 
Specialized collections were borrowed from various herbaria, cited 
according to Holmgren, Keuken, and Schofield (1981). 
CPUif Herbario Depto. de Biologia seccion Botanica, Universidad 
Nacional Tecnica de Cajamarca, Cajamarca, Peru 
F Field Museum of Natural History, Chicago Illinois 
GOET Systematisch-Geobotanisches Institut der Universitat Gottingen, 
Gottingen, Germany 
GH Gray Herbarium of Harvard University, Cambridge, Massachusetts 
HNB Herbario Nacional de Bolivia, La Paz, Bolivia 
ISC Iowa State University, Ames, Iowa 
K Royal Botanical Gardens, Kew, England 
L Herbario Miguel Lillo, Tucuman, Argentina 
MERF Herbario de la facultad de Botanica y Farmacia, 
Merida, Venezuela 
MO Missouri Botanical Garden, St. Louis, Missouri 
NY New York Botanical Garden, Bronx, New York 
QCA Herbario, Instituto de Ciencias Pontificia, Universidad 
Catolica del Ecuador, Quito, Ecuador 
US United States National Herbarium, Smithsonian Institution, 
Washington, DC 
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USM Herbaria Naclonal San Marcos, Museo de Hlstorla Natural, 
Unlversldad Naclonal Mayor de San Marcos de Lima, Peru 
VEN Instltuto Botanlco, Caracas, Venezuela 
UMC Utah State University, Logan, Utah 
B. Field Studies 
In order to collect specimens of Andean Calamagrostis, a trip 
sponsored by FUDECO (Venezuela) and OAS (Bolivia, Ecuador, and Peru) 
was made in 1985. The places visited were determined by Information 
from a review of literature, herbarium labels, and correspondence with 
other systematists in each country. Visits to the major herbaria were 
made in each country and, whenever possible, to type localities. Six 
replicates of each specimen were pressed, dried, identified, and stored 
as a permanent record. Leaves, flowers, stems, and roots were fixed in 
FAA solution for anatomical studies. Flowering material was fixed in 
Newcomer's solution (Newcomer, 1953) for cytological studies. Color 
pictures were taken to document habit, habitat, and species associations. 
C. Anatomical Studies 
Field collections and herbarium material were used for comparative 
studies of cross-sectional leaf anatomy and epidermal characters. The 
leaf cross-sections were cut from the midsection of the blade. Fully 
developed leaves from dried specimens were softened by soaking in Pohl's 
solution for seven days (Pohl, 1965). After softening was complete, 
the leaf material was washed in tap water for 15 minutes and then 
desilicified in a 10% aqueous hydrofluoric acid solution for nine days 
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for paraffin sectioning. For further processing, the leaf pieces were 
rinsed in running water for three hours. Dehydration was accomplished 
in steps of 25%, 50%, 70%, 95% (two changes) and 100% (two changes) 
ethanol with a minimum of one hour for each step. 
Leaf samples to be embedded in paraffin were first stained in a 
solution of 1% safranin in 1:1 ethanol: xylene for 1 hour, and then 
passed through two changes of xylene before infiltration in melted wax 
(melting point 56.5 C) for one week. Sections were cut on a rotary 
microtome at 10 m thickness, and stained in safranin and fast green 
using standard procedures (Berlyn and Miksche, 1976; Sass, 1950). 
Living leaf blades were cutted in water and stained following the 
procedure for making permanent hand cross-section (cover slip was 
sealed using two coats of of clear nail polish). 
Lemmas were cleared to survey the epidermal features and nerve 
number by light microscopy. The method used in preparing the anthoecia 
was modified, from the method of Shobe and Lersten (1967). Steps were 
done at room temperature: 1) specimens were placed in 2% NaOH for 24 
hours; 2) transferred directly to a full-strength solution of chlorine 
bleach for 1 hour; 3) specimens were washed three times (5 minutes each) 
in distilled water, dehydrated in 100% ethanol and stored in it; 4) the 
specimens were stained with chlorazol black E for 1-5 seconds. 
D. Scanning Electron Microscopy 
Leaf epidermis and floret samples were selected under a binocular 
microscope. Leaf were samples selected by cutting square or rectangular 
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sections from the mid-position of mature foliage leaves. Complete 
florets and leaf samples were mounted on brass discs with silver paste or 
silver tape; and coated with Au-Pd in a Polaron E5100 sputter coater, and 
viewed at 15 and 39 KV in a Jeol JSM-35 Scanning Electron Microscope. To 
observe features such as silica bodies, cork cells, stomata, bulliform 
cells, and papillae more clearly, leaf sections were sonicated in xylene 
for 12-15 minutes to remove the epicuticular wax, then allowed to air-dry 
before mounting. Photographs were taken using Polaroid type 665 positive-
negative film. Elemental x-ray analysis for silicon was performed using a 
Kevex- ray subsystem 5000A X-ray energy spectrometer attached to the 
scanning electron microscope. Special observation of the adaxial 
epidermis under the scanning microscope was made for those specimens 
showing considerable contrast differences (deep furrows and elongated 
ribs) on the adaxial epidermis, by using "gamma control unit" to optimize 
the image contrast by decreasing the contrast in high contrasted areas 
(ribs) and increasing the contrast in low areas (furrows) (Homer and 
Eisner, 1981). 
E. Endosperm Studies 
Mature caryopses were removed from herbarium material and preserved 
in Newcomer's solution. The caryposes were examined under a binocular 
dissecting microscope. The consistence of the endosperm was determined 
by pressing on the caryopses with sharp-pointed forceps and classifi&d 
qualitatively as liquid, semi-liquid, soft, semi-solid, and solid. 
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F. Biochemical Studies 
Leaf material was tested for flavonoids following the technique 
"thin layer chromatography", described by Harborne (1973), Mabry, Markham 
and Thomas (1970), Markham (1982); 
1. Leaves were crushed into a fine powder using liquid nitrogen in 
the mortar. 
2. Extract of the tissue was made using 70% MeOH (acidified), using 
one drop HCL per 100 ml 70% MeOH until the tissue was colorless. 
The extract was centrifuged using a microcentrifuge, to remove 
the particles. 
3. Cellulose TLC plates were heated in an oven for 30 minutes at 
110 C, then cooled. The plates were marked 1 cm from the bottom 
and 1.5 cm from the top. Samples were applied on the start marks 
at the bottom of the plate, using capillary tubes (two samples 
per plate). 
4. A glass tank (prepared the day before) was lined on the bottom 
and three sides with filter paper soaked in T-butanol-acetlc 
acid-water (4:1:5) and 5 mm were added to the bottom of the tank. 
Vaseline was smeared around the top edge of the tank to form a 
tight seal, then covered with plate glass. The tank was closed and 
allow to stand at room temperature for 24 hours. 
5. The plates were placed in the tank to watch development. When 
the solvent reached the top marks, they were removed. Patterns 
were visualized under long and short wave UV light, and marked 
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with pencil. 
G. Cladistic Analysis 
The IBM PC modification of J. Felsenstein's Phylip 2.8 program for 
phylogeny inference was used. The package's subprograms used in this 
study were Mix, Dollop and Clique with the "0", "A" and "G" options. As 
a strategy recomended by the author, the subprograms were run many times, 
using different order of the species group. The outputs were many trees 
presenting different arrangement of the species, which permitted to draw 
a cladogram infering the possible phylogeny for the group. 
H. Numerical Analysis 
The dendrograph computer program was used to arrange sets of 
objects whose pairv/ise similarity coefficients were categorized into 
mutually exclusive homogeneous subgroups. The results were displayed 
on a dendrograph. The method used for clustering is the unweighted pair 
group method with simple arithmetic averages (UPGMA). The dendrograph 
computer program used the 1627 Clacomp plotter via a system /360-1800 
channel adapter to draw the dendrograph. The computer sorted the OTUs 
according to their overall similarity, i.e., according to the number 
of common attributes, and by producing an index of similarity 
coefficients (Jaccard) and giving a measure of similarity or difference 
to all possible combinations of pairs of OTUs. 
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I. Drawings 
Leaf cross-section and floret parts drawings were made using a 
Bausch and Lomb microslide projector at 3.5x, lOx, and 40x. Complete 
specimen drawings were made from photocopies of the original specimens, 
previously reduced or enlarged depending on the specimen size. 
J. Vouchers 
Voucher specimens were made for most parts used in this investigation. 
A set of specimens was left in the herbaria of Venezuela (VEN), Ecuador 
(QCA), Peru (USM, CPUN), and Bolivia, (HNB). A complete set will be 
filed in the Iowa State University Herbarium (ISC) and partial sets 
will be distributed to the United States National Herbarium (US), the 
Missouri Botanical Garden (MO); and the Field Museum of Natural 
History (F). 
K. Morphological Measurements 
Detailed measurements were made on the dry material. Foliage leaf 
length was measured from the base of the blade to the tip of the blade. 
A separate measurement of the sheath was also made and both totaled for 
leaf length. Leaf width was measured at the widest point. Spikelets 
were dissected in Pohl's solution (Pohl, 1965). The parts were carefully 
observed, measured, and mounted directly~-in a solution of lactophenol 
and aniline blue (Sass,.1950). Spikelet length was measured from the 
base of the lower glume to the tip of the longest part of the spikelet, 
usually the upper glume. Floret length was measured from the base 
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usually the upper glume. Floret length was measured from the base 
of the lemma to the tip of the lemma. 
Awn length was measured from the place of insertion to the summit 
of the awn. Awn shape was named as straight, bent, exserted, twisted, 
etc. Awn insertion was determined depending upon the attachment on 
back of the lemma (basal, sub-basal, medial, terminal, or sub-terminal. 
Rachilla length was measured from its base to the tip. When it was hairy, 
the hairs were measured from the place of insertion on the rachilla 
to the tip. Rachilla shape was determined as capitate, non-capitate, 
or slender-laminate at the end. 
The callus is slender or short, presenting hairs with different 
distribution and length. The main types are glabrous, uneven distribution, 
one tuft of short hairs in lateral position, one tuft of long hairs behind 
the lemma not equaling its length, one tuft of hairs equaling the length of 
the lemma, and one tuft of hairs exceeding the length of the lemma. 
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III. MORPHOLOGY 
No comprehensive morphological studies have been done on the 
genus Calamagrostls, but some general works on the morphological 
observations have been presented as complementary Information (Kampf, 
1975; Tuerpe, 1962). 
The genus Calamagrostls in general presents a considerable amount 
of variability in morphology. This morphology has not been well-studied, 
causing various interpretations by taxonomists when they try to 
separate species. Some studies have determined that morphological 
variation is due to apomixis and polyploidy (Nygren, 1946, 1948, 1949, 
1951, 1954a, 1954b, 1958, 1962; Stebbins, 1941; Tateoka, Hiraoka and 
Tateoka, 1977). 
Great variability in the vegetative and reproductive shoots was found 
and is described in this section. Most species of subsection Stylagrostis 
are perennial and caespitose with flat, condupllcate or involute leaf 
blades (temporary or permanent); paniculate inflorescences; dorsal 
awn; rachilla prolonged behind the palea; small lateral embryo; solid, 
soft, or liquid endosperm stlpitate florets; callus with or without 
hairs and auriculate long truncate ligule. 
A. Culm 
The culm in subsection Stylagrostis is mostly erect, branched 
only at or near the base, 5 cm to 1 m tall. Some species are 
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rhlzomatous or stolonlferous. The habit Is herbaceous. The plants die 
back to the base annually and are replaced by new shoots from the basal 
buds. The plants form tufts as the result of perennial growth. 
B. Leaf 
Leaf blade shape varies in subsection Stylagrostis from flat to 
narrowly conduplicate or narrowly folded (permanently or temporary). 
Pour leaf blade types are described for subsection Styla^rostis. 
Flat: blade is a flat surface (Figs, lb, Ic, Id) 
Conduplicate; blade is folded lengthwise along the central 
rib or furrow (Figs, le. If, Ig, Ih, li, 1j, Ik) 
Involute ; blade is rolled in from both edges on the adaxial 
surface (Figs, la, In) 
Convolute ; blade rolled on either surface, with one edge enclosed 
by the other (Figs. 11, Im) 
These conditions seem to be related to the protection of the stomata 
which are all on the adaxial surface and chlorenchyma. The margins of the 
leaf may be smooth or scabrous. The grasses of semiarid regions were 
commonly observed to bear narrow, linear, flat, or inrolled blades 
(Metcalfe, 1960). Linear leaf blades can be permanently inrolled to the 
extent that the internal anatomy is altered (Metcalfe, 1960; 
Shields, 1951). 
The leaf blade, in some species of this group, becomes involute 
with uniformly developed nerves and the lack of a prominent midrib. Some 
high altitude species exhibit papillae and/or hairs on their adaxial leaf 
Fig. 1. Leaf outline and anatomical structure 
a. Calamagrostis ampliflora, Hitchcock 22327, bar = 2.5 cui 
b. Calamagrostis guamanensis, Escalona et al. E390, bar= 5.6 mm 
c. Calamagrostis ramonae, Steyermark 55903, bar= 4.3 mm 
d. Calamagrostis ligulata, Ollgaard 10,772, bar= 1.3 mm 
e. Calamagrostis chrysantha, Escalona et al. B566, bar = 1 mm 
f. Calamagrostis aurea, Acosta Solis 7223, bar= 4 mm 
g. Calamagrostis cleefii, Cleef 7768, bar = 1 mm 
h. Calamagrostis mollis, Asplund 8400, bar = 5.3 mm 
i. Calamagrostis eminens Escalona et al. B669, bar= 1 mm 
j. Calamagrostis ovata, Turner et al. 1312, bar= 1 mm 
k. Calamagrostis curta, Solomon et al. 11654, bar= 1 mm 
1. Calamagrostis chaseae. Luces 292, bar= 2 mm 
m. Calamagrostis pisinna, Burandt et al. V0401, bar= 1 mm 
n. Calamagrostis amoena, Lara et al. 21f, bar= 0.7 mm 
Dark areas represent sclerenchyma, white areas represent 
chlorenchyma, md= midrib, mf= midfurrow, p= papillae, 
h= long hairs, twc= thick-vzalled parenchyma cells 
i 
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surface, or hairs and/or sometimes papillae on the abaxial surface. 
In subsection Stylagrostis, the sheath may be inflated or tubular, 
and glabrous, scabrous, or hairy (Figs. 73, 74, 76) The inflated condition 
is more common in species from aquatic pr humid habitats, but does not 
involve any modification in the anatomical features (Figs. 73, 74, 76). 
In some species, the upper part of the leaf sheath splits into fibers 
which persist for a very long time. Leaves on the upper portion of 
the culm have well-developed sheaths. Sometimes the uppermost leaf 
lacks a blade. VThen the sheath is young it contains chlorophyll, but 
when old it becomes withered and leathery. The ligule is usually 
a white or brownish membrane. It can be membranaceous and ciliate 
(Fig. 63a); truncate serrulate (Fig. 64a); long auriculate-tapering at 
the apex (Figs. 67, 73) or auriculate ribbon-like and divided at the 
apex (Fig. 76). Two of the new species studied, ramonae (Fig. 70a), 
and guamanen'sis (Fig. 64a ) exhibit, a pronounced swelling at the 
junction of the blade and sheath. In the early stages, the swelling 
is only an auriculate structure, but later becomes spongy, perhaps 
acting as a pulvinus or an adaptation to environmental conditions. 
C. Inflorescence 
The great majority of Calamagrostis species have panicles. 
The primary branches rebranch from the base. This type of panicle 
has been called simple or non-spatheolate. Following Harrington 
(1977) and Kampf (1975), the panicle types were subdivided for 
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subsection Stylagrostis as follows; 
Open; primary and secondary branches variously 
spreading (Fig. 75a). 
Contracted; primary and secondary branches and the splkelets 
are closely packed. They can appear as: 
Ovoid, with the secondary ramifications and pedicels 
totally covered by splkelets (Fig. 74a), or 
Cylindric, vertically elongated, exhibited as: 
1. continuously splcate, lacking 
spaces between the secondary 
ramifications (Fig. 65a); or 
2. discontinuously splcate when the 
Inflorescence is Interrupted, thus 
forming small splkelet groups, 
leaving small portions of the 
rachis visible (Fig. 69a). 
Most attempts to classify species of Calamagrostls, section 
Deyeuxia, subsection Stylagrostis, have been based on splkelet 
characters. Because the splkelet characters present much variation, 
the different forms will be described. 
Some species such as eminens and aurea have so-called 
"anomalous splkelets" (Kampf, 1975), which differ from the normal ones In 
morphological characters, often having two completely or incompletely 
developed florets per splkelet. This condition can be Interpreted as 
Fig. 2. Idealized diagram showing splkelet-floret reduction series 
for ijenus Calamagrostls and closely related genera: 
Peschampsla, Trlsetum, Apera, Ammophlla, Agrostls, 
and Bromldlum 
SPIKELET-FLORET REDUCTION SERIES 
a b 
Deschampsîa Calamagrostis 
Trisetum Agrostis 
Ammophila 
Apera 
Calamagrostis 
Agrostis 
Agrostis 
Bromidium 
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vestigial, indicating that the ancestral group or complex was probably 
two-flowered and that closely-related genera may be two- or three-
flowered (Fig. 2). 
D. Floret 
A very important structure in grass classification is the lemma 
(Foster, 1966; Philipson, 1934; Thomasson, 1978a, 1978b), especially at 
the generic level< The lemma is always present, and it has a high degree 
of stability within a genus. Lemma shape, texture, size, nervation, awn 
development, and epidermal features (short cells, prickles, long cells, 
hooks, stomata, silica, etc.) are very important characteristics in the 
taxonomy of any grass group. Foster (1966) used the lemma characteristics 
to describe the species of Calamagrostis for Bolivia, and Tovar (1960) 
to describe the species from Peru. They distinguished two groups within 
the genus Calamagrostis; 
1. Lemma distinctly stipitate below the callus, the 
stipe varying in length (1-4 mm) raising the 
floret between the glumes (Figs. 4, 5); 
2. Lemma sessile below the callus. 
The first lemma condition was taken into account by Mez (1922), 
when he described the genus Stylagrostis, bringing together 14 
species from the genera Deyeuxia, Agrostls, and Calamagrostls. 
The awn is generally defined as a narrow, stiff, bristle-like 
structure with parallel sides, most commonly found on the lemma (Fig. 6a) 
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but In other genera can be present on the glumes or palea. The awn 
Is divided into two segments when it is bent. Sometimes the lower part 
of the awn (column) twists spirally on drying, as in the genera Danthonla, 
Stlpa, and Calamagrostis, and the upper part (subule), which is generally 
straight or may exhibit one or two spiral turns in the opposite direction 
when drying is extreme. Some authors consider the awn as a structure 
not homologous with the leaf blade (van Tieghem, 1872; Duval-Jouve, 1871; 
Celakovsky, 1897; Hackel, 1887; Philipson, 1934). Pohl (personal 
communication, Botany Depart., ISU, Iowa ) viewed the awn as a 
continuation of the lemma midrib. This study classifies the awn shape as 
straight or bent. Awn insertion was also determined by its place of 
attachment to the back of the lemma (Fig. 3). 
The callus is an indurated extension of the base of the lemma, 
often considered morphologically a part of the rachilla. The callus 
exhibits variation in shape, length (elongated, straight or curved, round 
or short cuneate), and distribution of hairs. Louis-Marie 
(1944), in his studies of some species of Calamagrostis from the United 
States, described the species using other data beside callus features. 
He stated that callus characteristics, along with other data, permitted 
an easier and more natural segregation of the species studied. 
For subsection Stylagrostis, species variation in callus shape and 
hair distribution was noted as shown in Fig. 8. The palea in subsection 
Stylagrostis is a two-nerved, two-keeled, hyaline structure smaller 
than the lemma, oriented with its dorsal surface against the rachilla. 
Awn insertion and shape 
Apical 
Infra-apical; awn inserted 1/3 of the lemma length below 
the apex 
Medial: awn Inserted in the middle of the back portion 
of the lemma 
Supra-basal: inserted in the lower 1/3 of the lemma 
Basal: awn inserted in the base of the lemma 
The shape of the lemma is illustrated lu each figure 
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Figs. 4-7 
Fis- 4 
Fig. 5 
Fig. 6 
Fig. 7 
Scanning photomicrographs of 3 species 
within subsection Stylagrostis 
Calamagrostis ovata (F. Escalona & D. 
Smith P446). Floret, 660x 
CalamaRrostis ramonae. (J. Steyermark 5590). 
Lemma stipe, 11Ox 
Calamagrostis ramonae (J. Steyermark 5590). 
Floret, 30x 
Calamagrostis ramonae (J. Steyermark 5590). 
Lemma adaxial epidermis, 940x 
1= lemma, ls= lemma stipe, ch= callus hairs, 
p= palea, a= awn, gl= glume, p= prickle, h= hook 
lc= long cell, sc= short cell 

Callus shape and hair distribution 
Callus round, cuneate or elongate, hairs lacking 
Callus round or cuneate, hairs length from 0.5-1 mm or less 
In length and distributed around the lemma 
Callus round, hairs up to 1.5 mm, abundant and evenly 
distributed 
Callus elongate, iflth hairs up to 4 mm, numerous, evenly 
distributed around the lemma (not forming tufts) 
Callus round or cuneate with long hairs, up to 4 mm, 
abundant in two lateral tufts 
Callus round or cuneate, one part of it glabrous and two 
lateral tufts of hairs 
Callus round or cuneate, one part of it glabrous and two 
lateral tufts of hairs, (up to 1.5 mm) 
i 
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The rachiUa Is very long when it bears several florets. It may be 
long, short, or practically obsolete when only one floret is present. The 
rachilla is often a thread-like structure that can easily be overlooked, 
especially if the callus or lemma beats stiff hairs. It can be 
classified according to its structure as capitate, non-capitate, or 
bearing two long hyaline vestigial leaf-like prolongations. 
The rachilla can be classified according to hair length and 
distribution as shown in Fig. 9. 
E. Caryopsis 
The caryopses in the genus Calamagrostis are mostly elongated 
(Fig. 68d) or pyriform (Fig. 57d), (Figueiras, 1986; Martin, 1946) variable 
in length, sometimes laterally compressed, and may contain liquid, soft, or 
solid endosperm. The embryo is usually relatively small and restricted 
to the lower half of the seed, called basal-lateral by Martin (1946). 
Terrell (1971) stated that "in caryopses with liquid endosperm 
the caryopsis cover forms a tough pliable sac." If the sac is 
punctured, the endosperm flows out as thick, whitish or yellowish 
fluid, "the milk stage." The endosperm in intact caryopses remains 
liquid for at least 40-50 years (Brown, 1955; Dore, 1956; Terrell, 1971) 
in herbarium specimens. 
According to various authors (Broxm, 1955; Dore, 1956; Kampf, 
1975; Rosengurtt, 1971), grass endosperm is classified as follows: 
liquid: the endosperm flows readily as thick liquid when the 
Rachilla length, hair length and distribution 
Short (up to 1 mm) or long (up to 2-2.5 mm) without hairs 
Short or long (1-2 mm) with short hairs (up to 1 ram) along 
the axis 
Short or long (1-2 mm) with short hairs (up to 1 mm) 
along the axis, but none at the apex 
Short or long (1-2 mm) with long tufts of hairs (2-4 mm) at 
the apex 
Short or long (1-2 mm) with abundant long hairs (up to 4 
mm) distributed along and at the apex, the basal shorter 
(2 mm) than than the upper ones 
Long (2-2.5 mm) with sparse long hairs (2-4 mm) 
distributed along the axis and apex 
Short or long (1-2 mm) with sparsely distributed long hairs 
(2-4 mm) distributed along the axis, with membranous 
leaf like structure at the apex 
30 
31 
caryopsls Is pressed; 
semi-liquid; the endosperm flows only slightly when the 
caryopsis is pressed. 
soft: the endosperm appears to be moist and easily crushed 
when pressed. 
semi-solid: the endosperm can be crushed with a small amount of 
pressure and appears dry; 
solid: the endosperm does not yield to moderate or strong 
pressure. 
The genus Calamagrostis presents liquid, soft, or solid endosperm 
(Matlakowna, 1912; Dore, 1956; Terrell, 1971; Laguardia, 1975), and most 
of these types were observed in the species studied by the author. 
Clayton and Renvoize (1986) stated that "liquid endosperm has a high 
content of lipids, with obvious adaptive implications, having twice 
the energy of carbohydrates." 
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IV. ECOLOGY 
The ecology of grasslands found in the high altitude in South America 
resemble those found in temperate latitudes (Ellison, 1957). South America 
possesses extensive, rich grasslands, including savannas and mixed types. 
The grasslands cover nearly 3,500,000 square kilometers (Burkart 1975), 
a quarter of this area constituting a substantial part of the tropical 
American vegetation. 
Burkart (1975) studied the relationship between natural plant 
groups and climate, establishing a close relationship between 
temperature requirements for different grass tribes and genera. He 
divided the grasslands of South America into three major regions; the 
tropical and sub-tropical, the temperate, and the cold grasslands. 
The cold grasslands include the area that I studied. It is a region 
of microthermic Gramineae, which extends from northern to extreme 
southern South America, represented by a narrow strip at high altitudes 
on the Andean chain. It is represented by the paramos of Venezuela, 
Colombia, Ecuador, and northern Peru (Lauer, 1979) and the puna of Peru, 
Bolivia, northern Chile and Argentina, and the Patagonian-Fuegian-
Falkland steppes, which are not properly grasslands, but are rich in 
grasses (Hueck, 1966; Weber, 1969; Fries, 1905). The majority of the 
species within subsection Stylagrostis inhabit the paramo and puna, 
two well-defined biogeographical regions in South America (Fig. 14). 
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The paramo and puna are Influenced by similar factors such as 
precipitation, radiation, evaporation, and relative humidity. 
Their variations respond to other factors such as topography, geology, 
geomorphology, soil, (Cleef, 1981). Geological data show that high 
Andean habitats have been available for plant colonization since the 
Tertiary (Simpson, 1975). The paramo (Fig. 10), one of the most important 
alpine grasslands associations, is defined by Cuatrecasas (1957, 1968) as 
"Irregular, uneven lands, from rough to flat, starting above the treeline 
and stretching from 3,800 m to the perennial snowline at 4,500 m." This 
altltudinal delimitation of the paramo agrees with observations for 
Venezuela, Colombia, Ecuador, and Peru. Geographically, they extend from 
o 
Costa Rica at 11 north latitude to northern Huanaco in Peru at about 
o 
8 south latitude (Weberbauer, 1945). Because-of the relief of the 
northern Andes, the paramos are distributed in variously-sized "terrestrial 
Islands" (Fig. 14), with different altitudes, separated from one another 
by forests and valleys. They are cold an humid, and covered with low 
vegetation, sometimes boggy meadows and grasslands, consisting mainly of 
Calamagrostls mixed with many species of Compositae, lupines, and 
gentians (Cuatrecasas, 1957). Cuatrecasas divided the paramos of Colombia 
into sub-paramo, paramo, and super-paramo, based on altitude differences, 
as did Acosta-Solls (1968) for Ecuador, Guhl van der Hammen and Gonzalez 
(1960) for Colombia, Varesckl (1956, 1970) for Venezuela, and Weberbauer 
(1945) for Peru. 
The puna is represented by dry (50-300 mm precipitation) and cold 
Figs. 10-13. 
Fig. 10. 
Fig. 11. 
Fig. 12. 
Fig. 13. 
Andean grasslands 
Ecuador: Provincla Carchi, paramo El Angel. 3,800 
m. Grassland and Espeletla (Compositae) 
Bolivia; Dept. La Paz, Prov. Murillo. Altlplano, 
Tiquina road. 4,550 m. Puna type vegetation with 
grass predominance 
Bolivia: Dept. La Paz, Prov. Murillo. Laguna 
Esperanza, Cerro Thola Huarachi. 4,530 m. Grass 
vegetation (Puna) 
Peru: Huaraz. Road to Juarez and La Union, 
Achicote River. 4,700 m. Calamagrostis ovata bunch 
grass growing in muddy river shore 

Fig. 14. Discontinuous distribution of paramos (black spots) in 
Venezuela, Colombia, Ecuador, and northern Peru, and 
continuous distribution of the puna (dotted) in Peru, 
Bolivia, northern Chile and Argentina. 
(After Vuilleumier, 1979) 
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(3 -10 C) Andean continuous plateaus (Figs. 11, 12, 14), whit extend 
from southern Peru Into Bolivia and northern Chile and Argentina at 
altitudes of 3,000-5,300 n. It Is covered by non-arborescent vegetation 
such as a continuous, but rather sparsely distributed, tussock-type of 
grasses with stiff Involute leaves such as Festuca, Poa, Stlpa, and 
CalamaRrostls, sometimes mixed with shrubs. 
Some species within subsection Stylagrostls were observed growing 
In boggy habitats, including chrysantha, C. ovata, and eminens, 
while others grew on rocky hills, showing distributional boundaries at 
specific localities. Simpson (1975) suggested that in the past some 
species growing in the puna were Isolated in at least three major areas: 
northeast of Lake Tlticaca, in western Bolivia, and the southern part of 
the Andes (Simpson, 1975). The paramo and puna are exposed to several 
severe climate conditions such as: abrupt daily temperature changes 
o o 
from 18 C in the sun to -1 C in the shade, the frost point is 
reached at night; strong insolation and outwards radiation; strong 
winds, and relative humidity changes (Pannier, 1969), thus determining 
pronounced microclimatal gradients. 
The dry season in the paramos (0-4 months) and in the puna (5-7 
months), besides the previously mentioned factors, has a drying effect on 
the vegetation and soil. As a consequence, paramos and puna exhibit a 
conspicuous xeromorphic type of vegetation that is adapted to resist the 
cold and grow in spite of a reduced water supply (Goebel, 1975; Hedberg and 
Hedberg, 1979; Roth, 1973, 1974). The xerophytic condition is determined 
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by the fact that water absorption is lower than what is lost by 
transpiration, Increased by strong radiation and wind action. The soil 
o o 
temperature decreases with elevation (9.6 C at 2,915 m to -1.5 C at 
4,765 m), reducing water absortion (Walter and Medina, 1969). For these 
reasons, plant growth and function reflect poor root, stem, and leaf 
growth, water and nutrient intake, oxygen supply, root metabolism 
(Richards, Kagan, and McCalle, 1952). Therefore, paramos and puna are 
characterized by a flora with many morpho-functional adaptations favoring 
temperature, insulation and maintenance of water balance, features that 
strongly select the species that can best survive these environments. 
Cuatrecasas (1968), Hedberg and Hedberg (1979), and Troll (1960) listed 
five vegetative life-forms of tropical-alpine vascular plants found in the 
paramo. These forms the result of adaptation, colonization, and evolution 
of the flora in a cold, tropical environment with recent origin (final 
uplift during Pleistocene) (Vuilleumier, 1979): 
, 1- grassland tussock type, called in the Andes "pajonales", with 
predominance of Calamagrostis and Festuca, as well as Aciachne, 
Agrostis, Bromus, Cinna, Danthonia, Helleria, Hierochloe, Poa, 
Stipa and Trisetum. 
2- shrubby plants with hard and revolute leaves, Espeletla and 
Cotelia. 
3- rosette plants with dense roots, Werneria 
4- cushion plants, Azorella 
5- boggy vegetation with Juncaceae, Dlstlchla muscoides. 
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Many specific generalizations of morphological features related to 
environmental factors can be enumerated after studying the flora 
at high altitudes in the paramos and puna. Plant height 
decreases as altitude increases (dwarf plants reduce the exposed 
area). Subterranean or partially superficial stems (grasses) and 
leaves illustrate multiple ecological factors by their anatomy and 
morphology. The influence of environmental factors on anatomical 
and morphological features of plants as adaptation response have been 
demonstrated studying some representative of families and subfamilies 
inhabiting the paramo and puna (Hagerup (1953) in Ericaceae; Roth (1973, 
1974) in Compositae; Clark (1986) in Bambuseae). For subsection 
Stylagrostis, see the morphology, anatomy, and scanning studies. 
The more common adaptations found on the plants studied are: leaf 
inrolling (outwards or inwards), development of stomata and papillae 
adaxially or abaxially, development of hairs adaxially or abaxially, 
development of crypts or crypt-like structures bearing the stomata, 
small leaves, thick cuticle, thick epidermis, sclerenchyma (in layers of 
continuous or discontinuous cells), and thick-walled parenchyma cells 
functioning probably as a water reserve. The author observed that the 
color of the leaves and flowers is variable (silvery, red, brilliant and 
golden) and thinks that it is probably related to light reflection. 
Some authors, (Dore, 1956; Matlakowna, 1912; Rosengurtt et al., 
1970; Terrell, 1971) considered that in certain grasses the liquid 
endosperm is an adaptation to desiccation and probably to low 
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temperatures, as result of adaptive evolution to unfavorable conditions. 
The tussock-type (Calamagrostls, Poa, Festuca), and cushion-type 
(Aclachne, some Calamagrostls) of growth habit provide good Insulation 
o 
capacity with central tussock temperature varying from 3 -7 C degrees 
higher than the outside (Hedberg and Hedberg, 1979). Protection 
of the central portion of a dense grass tussock containing Innovations and 
young Inflorescences against frost Is a strong selective advantage in 
tropical-alpine environments, particularly at high levels (Hedberg and 
Hedberg 1979). Ballard (1957) pointed out that color variants in plants 
might be due to ecological or genetic factors, and he demonstrated 
that the splkelet color of Deschampsla caespltosa happens is genetic. 
The author found that the species within subsection Stylagrostis 
were clearly differentiated into two groups, depending on splkelet color 
(see VI. D. Statistical Approach)— those with purple splkelets growing in 
soil or on rocky hills, distributed in Venezuela, Colombia, Ecuador, Peru, 
and Bolivia (Cj^  curta, C. mollis, C. plsinna, etc.) and those with 
golden shining splkelets, growing in boggy places of the puna (C. 
eminens, C. chrysantha) in Bolivia, Peru, northern Chile and Argentina 
or in the wet paramo localities in Ecuador (C^  aurea). As the author 
pointed out, the color character of the splkelet as well as the leaves is 
probably related to light reflection, but no studies on this group have 
been done to demonstrate this theory. 
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V. LEAF ANATOMY 
The grass leaf epidermis, and leaf anatomy, as seen in cross-
sections, exhibit a number of characteristics that have provided 
valuable taxonomic information (Davies, 1959; Decker, 1964; Ellis, 
1976, 1979; Jacques-Felix, 1962; Liversidge, 1970; Prat, 1932, 1936; 
Saint-Ives, 1931a, 1931b; Stewart, 1965). 
It has been accepted that the anatomy of the leaf, blade is an 
essential ingredient for a satisfactory analysis of grass taxonomy. 
The first person who pointed out that leaf anatomy might be useful in 
grass systematica was Duval-Jouve (1875), who found differences in 
bulliform cell distribution among species of different tribes and 
described two basic types of anatomy for grasses. 
Schwendener (1980) described some additional anatomical 
differences on grass leaves. Pee-Laby (1898) recognized five groups 
within the grass family based on characters of leaf anatomy. Avdulov 
(1937) included anatomical and morphological characters in addition to 
chromosome size and basic number. He classified the grasses into two 
groups, "festucoid" and "panicoid." Prat (1932, 1936) correlated the 
epidermal and anatomical characters considering three types of leaf 
anatomy for grasses, "festucoid", "panicoid" and "chloridoid." He pointed 
out that the "festucoid" type of leaf lacked papillae on the epidermis. 
Stebbins (1956) illustrated two types of leaf anatomy, "bambusoid" and 
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"chloridoid." Brown (1958) studied the anatomy of 101 species In 72 
genera of grasses and separated six types of Internal leaf blade anatomy: 
poold, bambusold, arundinold, panlcold, arlstldold, and chloridoid. 
Tateoka, Inoue and Kawano (1959) reported that blcellular mlcrohalrs 
are a distinctive character in delimiting grass genera. Metcalfe 
(1960) published the most comprehensive work describing the anatomy 
and epidermal characteristics for the entire grass family. He 
described the generic characters for Deyeuxia and Calamagrostls 
based on one species for each genus. 
A. Light Microscopy 
1. Literature review 
There are various works from different parts of .the world in which 
leaf anatomy has been studied in order to identify grass species: Bews 
(1929) and Ellis (1980)—African grasses; Breakwell (1914, 1915)— 
Australia; Burr and Turner (1953) and Lewton-Braln (1903)—Great Britain; 
Connor (1960) and Saint-Ives (1926, 1929)—New Zealand; Saint-Ives 
(1931a, 1931b)—Eurasia and Mediterranean region; Vlckery (1934)— New 
South Wales). Many characters seen in the transverse section of leaves 
appear to be quite constant and can be used with confidence in 
identifying grasses (Ellis, 1976, 1979; Prat, 1936). Other 
characteristics such as leaf size may vary with the habitat of the plant, 
but the basic form is genetically controlled (Humphries and Wheeler, 1963). 
Metcalfe (1960) described leaf anatomy for Calamagrostis eplgeios 
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(L.) Roth and Deyeuxla quadrlseta Benth. He made a complete description, 
including leaf, stem, root, and geographical distribution for 
Calamasrostis epigeios. For Deyeuxia quadriseta, however he described 
only the leaf epidermis and cross-sectional anatomy. 
Tuerpe (1962) studied thirteen species of the genus Deyeuxia in the 
province of Tucuman (Argentina). She considered two types of leaf anatomy: 
1. having the bundles appressed to both lower and upper epidermis' 
e.g., Deyeuxia montevidensis, a species that grows in lower lands 
(1,000-2,500 m). 
2. having their bundles isolated, few stomata, frequent epidermal 
hairs, and round silica bodies, e.g., Deyeuxia eminens (Calamagrostis 
eminens), a species that grows at high altitudes, (3,000-5,500 m). 
According to Prat (1932, 1936), the anatomical characteristics of the 
Calamagrostis leaf resemble those of the Triticeae. Metcalfe (1960), 
based on his epidermal and anatomical studies of the genera Calamagrostis 
and Deyeuxia, stated that the leaf is typically festucoid. Gould and Shaw 
(1983) and Metcalfe (1960) described the festucoid type of anatomy as 
"having a well-developed mestome sheath surrounded by a sometimes 
poorly defined parenchyma sheath, the chlorenchyma cells of the mesophyll 
loosely or irregularly arranged with large intercellular space. Brown 
(1958) used the term "unit" to describe leaves of chloridoid grasses, 
considering each bundle, sheath, and associated chlorenchyma as a 
discrete unit of structure separated from the similar adjacent units 
by large, empty bulliform cells. 
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Soderstrom (1967) included as part of this unit the upper and lower 
epidermis and the sclerenchyma. Soderstrom (1967) designated units as 
primary, secondary, and tertiary, based on size. The "unit" corresponds 
to the ribs or ridges described by Ellis (1979). Metcalfe (1960) 
considered the occurrence of sclerenchyma as a diagnostic character, 
especiâlly in relation to vascular bundles. Ellis (1979) emphasized this 
character, presenting a key for sclerenchyma patterns of organization in 
flat and involute leaves. Connor (1960) presented a diagram containing 
seven different patterns of subepidermal sclerenchyma arrangement, used 
for separating species of Festuca, and Burbidge 1946) used this 
character to separate the species within the genus Trlodla. Also, there 
are many papers on sclerenchyma patterns for Dicotyledoneae and other 
Monocotyledoneae. Ayensu (1969, 1973, 1974) indicated that features 
of the vegetative anatomy of the leaves in the family Velloziaceae provide 
very important character-states to separate the genera within the family 
and one of the most Important is the sclerenchyma patterns exhibited in 
leaf cross-section. 
2. Description 
Anatomical description; subsection Stylagrostis. Leaf thickness 
was measured in various units or ribs with an average thickneess 
of 0.5-1 mm. Transverse sections in normaly permanently or temporareily 
infolded leaves exhibit reduced V-shaped, U-shaped or round outline 
(Figs, le, If, Ig, Ih, li, Ij, Ik, 11, Im, In). Adaxlal furrows : from 
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slight, shallow to deep, varying In shape from wide to narrow, and 
distributed between the vascular bundles. Adaxial ribs or units; 
situated over the vascular bundles with flat tops as in pisinna (Fig. 
20); rounded tops alternating with triangular tops CalamRrostis ampliflora 
(Fig. 18); triangular tops as in ovata (Fig. 19). Abaxial furrows and 
ribs; not present. Median vascular bundle: present but sometimes not 
distinguishable from other primary vascular bundles. Usually the leaf 
infolding occurs in the medial furrow or rib with no structurally distinct 
midrib projecting abaxially (Fig. 1). Frequently the central primary 
vascular bundle is surrounded by a large group of parenchyma (Fig. 20) or 
thick-walled cells (Fig. 18) and/or sclerenchyma (Figs. 15, 20). Vascular 
bundle arrangement : first order vascular bundles present, varying in 
number. The xylem of first order vascular bundles is characterized by 
large metaxylem vessels on either side of the protoxylem (Figs. 15, 16). 
The vascular bundles may be circular (Fig. 20), ovate (Fig. 18), or apple-
shaped (Fig. 16). The phloem is sometimes sclerosed, connected or not to 
lignified fibers. Second order vascular bundles : usually present, round 
or ovate, xylem and phloem, well-differentiated, sometimes the same size as 
first order vascular bundles but lacking large metaxylem vessels. Third 
order vascular bundles; sometimes present, mostly bearing phloem and 
lacking bundle sheaths. Vascular bundle sheaths ; a double vascular 
sheath surrounding each vascular bundle, not distinguishable in third 
order vascular bundles. The outer or parenchyma sheath cells are well-
differentiated from the chlorenchyma cells, sometimes interrupted by 
Figs. 15-16. Leaf anatomy examples in some species of subsection 
Stylagrostis 
Fig. 15. Cj_ chaseae, BriceSo 229. Cross section of the 
blade, X 420 
Fig; 16. Cj^  chrysantha, Escalona et al. D566. 
Cross section of the leaf blade, X 560 
scl= sclerenchyma, iat= metaxylema, is= inner 
sheath, f= furrow, cl= chlorenchyma, p= papilla 
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sclerenchyma (Fig. 15) or thick-walled cells (Fig. 18). The inner, or 
mestome, sheath is complete or interrupted by sclerenchyma girders, cells 
relatively large with inner tangential and radial cell wall thickening 
(Figs. 17, 20). The cells of the inner sheath adjacent to the xylem 
are larger; the cells of the inner sheath adjacent to the phloem fibers 
are smaller and sometimes not distinguishable from the latter. Adaxial 
and abaxial sclerenchyma; adaxial sclerenchyma associated with the 
vascular bundles occurs as strands or girders. The strands are not in 
contact with the vascular bundle sheaths. They are separated by mesophyll 
(chlorenchyma or colorless parenchyma thiclc-walled cells) (Fig. 16). 
Girders can be in contact with or interrupting the bundle sheath (Fig. 
20). Both strands and girders can be present or absent. In permanently 
infolded leaves, the sclerenchyma may be exhibited as follows: abaxial 
triangular strands opposite to vascular bundles, e.g., Calamagrostls 
eminens (Fig. 11); continuous abaxial subepidermal layers, not connected 
to the vascular bundles by girders, e.g., Calamagrostls chrysantha; 
Calamagrostls amoena, Calamagrostls aurea (Figs. If, le. In); continuous, 
abaxial, subepidermal layers connected to bundles by girders, e.g., 
Calamagrostls ampllflora (Fig. la); continuous, abaxial subepidermal 
layers connected to bundles by girders, and girders connected to bundles 
from the adaxial surface, e.g., Calamagrostls mollis (Fig. Ih). 
Sclerenchyma between bundles ; sclerenchyma present or absent between 
ascular bundles. When present, it occurs as strands of hypodermal 
layers with girders extending to vascular bundles or not (Figs. Id, le 
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11, Ij, 11, In). Sclerenchyma in leaf margin; present or absent; when 
present, cape- or hood-shaped, presenting ranges of size and shape (Figs. 
If, Ih). Mesophyll! the chlorenchyma is composed of isodiametric or 
iregularly-shaped cells sometimes with air spaces. In somè species, 
the chlorenchyma constitutes a relatively small part of the whole unit, 
arranged in layers following the shape of ribs and furrows, as in 
Calamagrostls ampliflora (Figs, la, 18) and Calamagrostis chaseae (Figs. 
11, 15), with the rest of the mesophyll is filled with thick-walled, 
clorless parenchyma cells or sclerenchyma. There is no differentiation 
between palisade and spongy parenchyma (Fig. 20). Thick-walled 
parenchyma or elongate cells can be present or lacking in the leaf 
mesophyll. When they are present, the parenchyma cells can be localized 
over the vascular bundles, forming an arch or continuous girder from the 
vascular bundle sheath to the adaxial epidermis (Fig. 15). The bulllform 
cells are restricted to the furrows on the adâxial surface, with a very 
thin wall. The number of bulllform cells is 5-8, conspicuously large or 
well-defined cells gradually larger than the rest of epidermal cells 
(Figs. 14, 20). 
3. Discussion 
The microscopic anatomical examination of species of subsection 
Stylagrostls was made to Investigate similarities and differences 
that may exist In the general and detailed Internal structure of 
different species in leaf cross section in order to relate leaf 
Figs. 17-20. Leaf cross section examples of some subsection 
Stylagrostls species 
Fig. 17. emlnens F. Escalona & Du Smith P420. 
Leaf blade cross-section, X 700 
Fig. 18. ampllflora A. S. Hitchcock 22327. 
Leaf blade cross-section, X 480 
Fig. 19. ovata F. Escalona et âl. B547. 
Leaf blade cross-section, X 420 
Fig. 20. plsslna F. Escalona & Escalona 229. 
Leaf blade cross-section, X 360 
be- bulllform cells, fp" forked papilla, 
St" stomata, tw= thick wall parenchyma cells, 
OS" outer sheath, f= furrow, is= inner sheath, 
scl" sclerenchyma, pr= prickle, sr" square rib, 
tr- triangular rib, rr" round constricted rib, 
wc" w-shaped chlorenchyma, uc= u-shaped chlorenchyma 

Figs. 21-26. Scanning photomicrographs of adaxlal epidermis 
* material treated with xylene 
# scanning gamma technique 
Fig. 21. aurea E. Asplund E7943 ( 260X) 
notice waxy surface # 
Fig. 22. ovata D. Smith & Escalona 19,177 (720X) 
(720X) notice waxy~surface 
Fig. 23. cleefil ^  Cleef 7768 (160X) 
Fig. 24. chrysantha 0. Tovar 2530 (I.IOOX) 
Fig. 25. aurea Jameson 95 (300X) #* 
Fig. 26. eminens Lillo 5045 (220X) 
w" was, f" furrow, r" rib, ds= low-dome shaped subsidiary 
stomata cell, ic" Interstomatal cell, pr= prickle, ps= parallel 
-sided subsidiary stomata cell, slc= straight edges long cell, 
llc= inflated long cell, ep" elongate papilla, st= stomata 
V-Vt; 
r 
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structure to ecological characteristics. As was shown by Tuerpe (1962), 
the altitudinal differences determined two types of leaf anatomy, based 
mainly on vascular bundle position with respect to the epidermis. 
Anatomy of the leaf blade in some species of subsection Stylagrostis 
agreed with what was found by Tuerpe, but the papillae which are a very 
important adaptation character for some species, such as eminens, 
C. ovata, C. chrysantha, etc., were not mentioned. Round silica bodies 
have been described for the species within subsection Stylagrostis, 
the round shape has been described. Some species have large silica 
cells with sinuous edges, located over the top of the ridges. 
Also one species, Calamagrostis mollis, was found to exhibit long 
hairs. Leaf anatomy of species of subsection Stylagrostis is variable 
but typically festucoid as was described by Gould and Shaw (1983), 
Metcalfe (1960), and Prat (1932). 
B. Scanning Electron Microscopy 
1. Literature review 
Scanning electron microscope surveys of leaf anatomy and epidermis 
have brought to light anatomical details that were not previously 
discernible by light microscopy. Such surveys have provided valuable 
information for plant taxonomists. Agrostologists have shown the 
Importance of such studies in classifying living and fossil plants 
(Albers, 1980; Flores, Espinoza, and Kosuka, 1977; Hilu, 1984; Hilu 
and Wright, 1982; Maeda and Miyake, 1973; Palmer and Tucker, 1981, 
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1986; Palmer, Gesbert-Jones and Hutchinson, 1985; Terrell and Wergin, 1979, 
1981; Thomasson, 1978a, 1978b, 1980a, 1980b, 1981, 1984, 1986). Silica 
accumulates in silica bodies contained in silica cells (Gould and Shaw, 
1983; Parry and Smithson, 1964). Scanning studies also show that silica 
accumulates in other epidermal structures such as prickles (Sakai and 
Sanford, 1984; Terrell and Wergin, 1981), bulliform cells (Dayanardan, 
Kaufman, and Franklin, 1983; Parry, 1958), and the stomatal apparatus 
(Sakai and Sanford, 1984). 
2. Descriptions 
Stomata are usually located at the bases and sides of the furrows on 
the adaxial epidermis, rarely at the top of the ribs (C^  cleefii), (Fig. 
23) associated or unassociated with papillae (Figs. 36, 37, 38, 51). The 
stomata are generally arranged in longitudinal rows separated by files of 
costal or intercostal cells (Figs. 21, 25, 26, 54). Usually there is one 
interstomatal cell between successive stomata (Figs. 21, 22, 25, 26, 51). 
The subsidiary cells are parallel-sided or slightly low dome-shaped. 
They occur at the same level as epidermal cells or below the level of 
epidermal cells and are associated or unassociated with papillae (Figs. 17, 
22, 24, 30). Interstomatal cells; usually one; long, narrow, sometimes 
with sinuous edges on the adaxial surface and sometimes bearing one 
papilla per cell (Figs. 21, 25, 27, 28) or six papillae (Figs. 24, 26, 51). 
Long cells; may be flat, slightly dome-shaped, with or without sinuous 
edges, narrowly rectangular, or hexagonal, or with sinuous edges on the 
s. 27- 1 Co
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Adaxial and abaxial leaf epidermis scanning 
photomicrographs 
# gamma scanning technique 
Fig. 27. C. aurea E. Asplund E7943 (660X) # 
Fig. 28. C. ovata F.'Escalona et al. B554 (440X) # 
Fig. 29. C. chrysantha F. Escalona et al. B549 (940X) // 
Fig. 30. C. ovata F. Escalona et al. B554 (940X) 
Fig. 31. C. chrysantha F. Escalona et al. B566 (940X) 
Fig. 32. C. ovata F. Escalona et al B566 (240X) 
(abaxial epidermis) 
ip= inflated papilla, ic= interstomatal cell, ep= elongate 
papilla (4-6 per cell), fp= forked papilla, pr= prickle, 
slc= sinuous edges long cell, dst= low dome-shaped stomata 
subsidiary cell, ps= parallel-sided subsidiary stomata cell, 
w= wax 

Figs. 33-38. Âdazlal and abaxial epidermis scanning 
photomlcrogrphs 
// gamma scanning technique 
* created with xylene 
Fig. 33. emlnens J. Solomon 12, 140 (940X) 
(abaxlal epidermis) 
Fig. 34. ampliflora Hitchcock 22327 (200X) 
(abaxial epidermis) 
Fig. 35. mollis F. Escalona and ^  Smith 465 (310X) 
Fig. 36. ampliflora Hitchcock 22327 (440X) 
Fig. 37. curta Solomon et al. 11654 (480X) * 
Fig. 38. C. amoena F. Escalona & J. Solomon B683 // 
(320X) 
p= papilla, pr" prickle, lc= long cell, st= stomata, mh= 
macrohalr, as" aspérité, si= silica cell 
• 
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adaxlal surface, sometimes exhibiting papillae (Figs. 23, 25, 26, 27, 29, 
31,35, 36, 52, 53, 54, 56) or with sinuous edges on the abaxial surface 
(Figs. 32, 33, 34), rarely papillated (Fig. 31), Papillae in long 
cells of the adaxial surface can be globose (Figs. 22, 27, 28, 30), 
elongated or forked (1-6 per cell) (Figs. 24, 26, 29, 31, 45) and they 
exhibited by sdme species within subsection Stylagrostis, such as 
Calamagrostis eminens, Calamagrostis aurea, Calamagrostis chrysantha, and 
Calamagrostis ovata. Prickles; robust, tough, sharply pointed or 
rounded-end structures with swollen bases and lignlfied walls making the 
leaf surface or margins scabrous. The number, distribution, and form 
vary from one species to another (Figs. 26, 32, 33-38, 52). Sometimes 
prickles accumulate silica as in chaseae (Figs. 49, 50). They are 
present mostly over the ribs or costal zones adaxially or abaxially (Fi^ a. 
35, 36, 37, 38). They can be found on the intercostal zone. Prickles: 
usually have globose bases. Short cells : found over the veins; 
solitary or paired but mostly short rows. Silica cells ; mostly costal, 
longitudinally elongate with round ends and sinuous or nodular outlines 
on the adaxial epidermis (Figs. 38, 41, 42, 43, 56), rounded to elongate 
on the abaxial epidermis (Figs. 39, 40). Macrohairs; short or elongated 
in the adaxial and/or abaxial epidermis of mollis (Fig. 35). 
Epicuticular wax: scales over the adaxial surface covering the cuticle 
(Figs. 27, 29, 30, 47, 49, 55). 
Figs. 39-44. Adaxial and abaxial epidermis scanning 
photomicrographs and spectrum of silica 
Fig. 39. liRulata Cleef 274 (940X) 
(abaxial epideruis) 
Fig. 40. chrysantha Solomon 4995 (300X) 
(abaxial epidermis) 
Fig. 41. guamanensis F. Escalona & Gallegos E390 
(60X) 
Fig. 42. Ruamanensis F. Escalona & S_^  Gallegos E390 
(60X) 
Fig. 43. chaseae B. Briceao 599 (240X) 
Fig. 44. gumanensis F. Escalona & ^  Gallegos 390 
photomicrograph photograph, showing the amount of 
silica contained on long silica cells (adaxial 
surface see Figs. 47 and 48) 
lc= long cell, si= silica body, pr= prickle, lsc= 
long silica cells with sinuous edges, f= furrow 
m 
jgBJg 
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3. Discussion 
Leaf cross sections were observed using light microscopy, but some 
structures were also examined under the scanning electron electron 
microscope. The pictures were taken orienting the long axis of the 
leaf horizontally, and scanning both abaxial and adaxial epidermis. 
It was observed that besides the round- and dumbbell-shaped silica 
bodies described for the subfamily Pooideae, the accumulation of silica 
also occurs in subsection Stylagrostis in long cells with sinuous edges 
(Figs. 47, 48). Silica also was found in prickles (Figs. 49, 50) and 
in papillae (Figs. 45, 46). The presence of silica in silica cells was 
detected using energy dispersal X-ray analysis to clarify their 
structure. The amount of silica in silica cells was detected as shown 
in the graphic photograph (Fig. 44). 
Papillae are not characteristic of the Pooid type of epidermis 
(Prat, 1932, 1936; Metcalfe, 1960), but they occur in subsection 
Stylagrostis. They can be present or absent on all long cells, never 
overarching the stomata (Figs. 24, 26, 28) in the adaxial epidermis as 
was found in Chusquea (Clark, 1986). The development of papillae seems 
to be an adaptation to environmental conditions in plants inhabiting 
paramo and puna (wind, humidity) to keep water control, in the Andes of 
South America. The results of leaf blade anatomy characters in cross 
section are presented in Tables 1, 2 and Fig. 1. A key for the 14 
species of subsection Stylagrostis was based on the leaf cross 
section studies. 
Figs. 45-50. Adaxlal epidermis and It respective 
X-ray mapping for silicon 
Fig. 45. C. chrysantha F. Escalona et al. B549 
(440X) 
Fig. 46. C. chrysantha F. Escalona et al. B549 
(440X) 
Fig. 47. guamanensls S. Laegaard 53,861 (1,800X) 
(denotes was scales covering, adaxlal epidermis) 
Fig. 48. guamanensls S. Laegaard 53,861 (1,800X) 
Fig. 49. chaseae Luces 292 (1,000X) 
(denotes wax scales covering, adaxlal epidermis) 
Fig. 50. chaseae Luces 292 (1,000X) 
p= papilla, lsc= silica cell, pr= prickle 
w= wax 

gs. 51-56. Adaxial epidermis scanning photomicrographs 
* material treated with xylene 
// scanning gamma technique 
Fig. 51. chrysantha C. Vargas 6577 (940X) # 
Fig. 52. Cj^  eminens J. Solomon B669 (940X) * 
Fig. 53. eminens M. Lillo 5045 (940X) 
Fig. 54. eminens F. Escalona & Smith P420 
(200X) 
Fig. 55. chaseae Luces 292 (6,000X) 
Fig. 56. C. Ruamanensis OllRaard & Balslev 10, 111 
(l.OOOX) * 
ps= parallel-sided stoma subsidiary cell, fp= 
forked papilla, pr= prickle, w= wax, sc= silica 
cells with sinuous edges, f= furrows, r= rib, lc= 
long cell with sinuous edges, ilc= inflate long 
cells with basket type of arrangement, ssp= short 
simple papilla, esp= elongate simple papilla 
r 
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Table 1. Anatomical character states for subsection Stylagrostis 
leaf blade cross sections (adapted from Ellis 1976, 1979) 
SCLERENCHYMA 
1. Hypodermal continuous band of abaxial sclerenchyua not associated 
with any order of vascular bundle, adaxial sclerenchyma exhibited 
as arched strands, following the shape of the adaxial rib. 
2. Hypodermal continuous band of abaxial sclerenchyma connected to 
all orders of vascular bundles, adaxial inversely anchor-shaped; 
arched band follows shape of adaxial rib (stem 1-3 seriate). 
3. Hypodermal continuous abaxial band connected to all orders of 
vascular bundles, adaxial sclerenchyma absent. 
4. Hypodermal continuous abaxial band not connected to the vascular 
bundles, adaxial sclerenchyma absent. 
5. Adaxial and abaxial equidimensional girders connected to all 
orders of vascular bundles. 
6. Adaxial and abaxial girders associated to primary vascular 
bundle 
7. Abaxial sclerenchymatous epidermal cells opposite to the medial 
vascular bundle and leaf margin, adaxial sclerenchyma absent. 
8. Adaxial and abaxial small girders associated to primary vascular 
bundles, and adaxial girders or small strands associated to 
all orders of vascular bundles. 
9. Adaxial small strands opposite to all orders of vascular 
bundles, abaxial small strands opposite to all orders of 
vascular bundles and bulliform cells. 
10. Triangular abaxial sclerenchyma strands opposite to all 
orders of vascular bundles and bulliform cells, adaxial absent. 
11. Abaxial girder associated to the medial vascular bundles, adaxial 
as small strands opposite to all orders of vascular bundles. 
12. Pointed cap. 
Table 1. (continued) 
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13. Angular prickle. 
14. Crescent-shaped cap. 
15. Pointed cape, with adaxial extension. . 
16. Absent 
17. Crescent-shaped sclerenchymatous epidermal cells. 
BUNDLE SHEATH 
18. Inner sheath complete and outer sheath of all orders 
vascular bundles interrupted abaxially by sclerenchyma 
and adaxially by thick-walled parenchyma cells. 
19. Inner sheath complete, outer sheath not complete in all 
order of vascular bundles, interrupted abaxially and 
adaxially by girders of sclerenchyma. 
20. Inner sheath of primary vascular bundle complete, outer sheath 
interrupted by girders or strands of sclerenchyma. 
21. Inner sheath of primary vascular bundle complete, outer sheath 
interrupted adaxially and abaxially by sclerenchyma girders. 
22. Inner sheath and outer sheath of primary vascular bundles and 
second order vascular bundle complete, not interrupted. 
23. Inner sheath complete, outer sheath exhibited as half around 
all orders of vascular bundle. 
LEAF INFOLDING 
24. No medial vascular bundle distinguishable (leaf convolute). 
25. Medial vascular bundle distinguishable near the leaf fold. 
26. Leaf infolding in the medial furrow. 
27. Leaf not infolded, medial vascular bundle not distinguishable. 
28. Leaf not infolded, medial vascular bundle distinguishable. 
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. Table 2. Distribution of some anatomical character-states for 
subsection Stylasrostis as seen in leaf blade 
cross-section (for number explanation see table 1) 
Species Sclerenchyma Leaf-infol. VB sheath 
blade margin 
amoena 4 15 25 22 
amplifiera 3 15 24 18 
ligulata 9 12 27 22 
pisinna 5 12 24 19 
chaseae 2 15 26 19 
guamanensis 8 12 28 20 
ramonae 8 16 28 20 
aurea 1 15 26 22 
chrysantha 1 15 26 22 
eminens 10 12 26 22 
ovata 9 13 25 22 
cur ta 11 13 25 23 
mollis 6 14 25 21 
cleefii 7 17 25 22 
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Key to species of subsection Stylagrostls based on leaf blade 
anatomical characters In cross section. (See tables 1, 2 and 
Flgss. 1; 15-20.) 
Sclerenchyma as an hypodermal continuous layer (s) of abaxlal 
sclerenchyma 2 
2. Hypodermal band of sclerenchyma not connected to the 3 
vascular bundle-
3. No adaxial sclerenchyma, 5 vascular bundles, adaxial and abaxlal 
surface scabrous, pointed cape leaf margin sclerenchyma, with 
adaxial extension, outer sheath complete amoena 
3. Adaxial sclerenchyma exhibited as arched strands following the 
shape of the adaxial ribs 4 
4. Leaf blade Infolds in the medial furrow, with asymmetric vascular 
bundle distribution, small papillae at the top of the ribs, 
outer sheath not well distinguishable, long ribs, elliptic 
leaf outline, with flat surface aurea 
4. Leaf blade Infolds in the medial furrow, forked papillae 
distributed on the rib surface, decreasing in number over furrow 
bases, elliptic leaf outline with convex surface, narrow-long 
ribs chrysantha 
2. Hypodermal continuous abaxlal sclerenchyma, associated with all 
orders of vascular bundles by girders 
5. Adaxial sclerenchyma girders inversely anchor-shaped, adaxial and 
abaxlal surface scabrous, leaf convolute, infolded at the medial 
furrow, with asymmetric vascular bundle distribution, outer sheath 
interrupted adaxially and abaxially by sclerenchyma, girders 
C. chaseae 
5. Adaxial sclerenchyma absent, thlck-walled parenchyma cells 
fill the upper portion of the ribs. Interrupted adaxially by 
colorless parenchyma cells and abaxially by sclerenchyma girders 
C. ampliflora 
Sclerenchyma as girders, strands, otherwise 6 
6. Adaxial and abaxlal girders, associated with the vascular 
bundles 7 
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7. Âdaxlal and abaxlal girders associated with all orders of 
vascular bundles; medial VB not distinguishable; leaf 
cross-sectional round outline; abaslal and adaxial leaf 
surface scabrous plslnna 
7. Adaxlal and abaxlal girders of sclerenchyma associated 
with first order vascular bundles, medial vascular bundle 
distinguishable by position and size; leaf U-shaped cross-
sectional outline, adaxlal and abaxlal leaf surface with long 
, hairs mollis 
. Abaxlal or abaxlal girders or strands, associated or not 
associated with the vascular bundles 8 
8. Leaf cross-sectional outline flat to curved 9 
9. Medial vascular bundle distinguishable, symmetric 
distribution of vascular bundles 10 
10. No leaf margin sclerenchyma, ribs flat-topped with numerous 
prickles, outer bundle sheath poorly developed, abaxlal 
surface scabrous romonae 
10. Pointed cape leaf margin sclerenchyma, ribs flat-topped, 
scarcely scabrous, outer bundle sheath well-developed, 
abaxlal surface glabrous guamanensls 
9. Medial vascular bundle not distinguishable, curved leaf 
cross-sectional outline, triangular ribs with sclerenchyma 
strands, abaxlal surface smooth, intervascular 
sclerenchyma strands, pointed cape sclerenchyma leaf margin 
C. ligulata 
8. Leaf outline folded, adaxlal small strands, opposite to all 
vascular bundle 11 
11. Leaf outline V-shaped, folding at the medial vascular bundle, 
asymmetric vascular bundle distribution 12 
12. Round rib tops ending in two prickles hairs, outer bundle 
sheath incomplete, medial vascular bundle with an abaxlal 
girder, abaxlal surface crenate in cross-sectional 
outline curta 
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Pointed ribs, ending in one prickle hair, small strands of 
intervascular sclerenchyma, outer vascular bundle sheath 
complete, abaxial surface scabrous ovata 
U-shaped leaf outline, no adaxial sclerenchyma, no girders 
13 
Asymmetric distribution of 6 large round vascular bundles, 
leaf folding at the medial rib, square rib tops with 
prickles, abaxial surface smooth, sclerenchymatous epidermal 
cells opposite to the medial vascular bundle and at leaf 
margin, outer sheath well developed in all orders of vascular 
bundles cleefii 
Symmetric distribution of 6 small round vascular bundles, 
leaf folding at the medial furrow, round rib tops with 
papillae, abaxial surface scabrous, triangular abaxial 
sclerenchyma strands, opposite to all vascular bundles and 
furrows C. eminens 
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VI. SYSTEMATICS 
Â. Tazonomlc History of the Genus Calamagrostls 
The name CalamaRrostls was first used by Dioscorides a physician in 
the Roman Army, author of Materia Medlea were he discusses with clarity 
and a degree of precision some 600 species of plants. He used the name 
Calamagrostis when he referred to a grass resembling sugar cane. The word 
is derived from the Greek words, kalamos=cane, and Agrostis=grass. The 
modern genus comprises 150-270 species with nearly worldwide distribution 
(Bjoerkman, 1969; Chase and Niles, 1962; Clayton and Renvoize, 1986). 
There is no agreement among taxonomists whether the genus 
Calamagrostis belongs to the tribes Agrostideae or Aveneae, or if it 
should be a new tribe. Steudel (1854) transferred Calamagrostis to tribe 
Arundinaeae. Fournier (1881) studied the genera Calamagrostis and 
Deyeuxia and found that they differed from the other genera within the 
tribe Agrostideae. He created a new tribe, Deyeuxiaeae, which included 
related genera—Trisetum, Arundo, Avena. Pilger (1948) considered genera 
within the tribe Agrostideae were heterogeneous and distributed them in the 
tribes Aveneae and Festuceae. Hitchcock (1951) included Calamagrostis 
within the tribe Agrostideae in addition to the genera Alopecurus, 
Agrostis, Ammophila, Aristida, Calamovilfa, Gastridium, Lycurus, 
Muhlenbergia, Phleum, Polypogon, Sporobolus and Stipa. Hilu and Wright 
(1982), in their cluster analysis for the Gramineae, found that these 
genera did not appear as a discrete cluster in any of their treatments. 
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Subsequent studies based on microcharacters have shown that the group Is 
rather artificial, therefore the genera have been placed within the tribes 
Foeae, Aveneae, Brachyelytreae, Stlpeae, Eragrosteae, and Aristldeae. 
Clayton and Renvoize (1986), Gould and Shaw (1983), Ohwi (1942), Stebblns 
and Crainpton (1961), and Tateoka (1957) removed the genus Calamagrostis 
from the tribe Agrostideae and placed it within the tribe Aveneae because 
of the possession of one or more florets and liquid endosperm. They 
considered that the reduction of the spikelet to one floret the character 
used by Dumortier, 1823, to define the tribe, appears to have taken place 
more than once In this tribe, and that Calamagrostis resembles some 
genera within the tribe with two or more florets, such as Trisetum and 
Deschampsia. 
There are about 25 European and Siberian species, 38 in western 
and eastern North America, 20 in Mexico and Central America, 75 In the 
Andes of western South America, 15 in the Himalayan-Malaysian region, 
10 in eastern Asia, 38 in Russia, 20 in Australia, New Zealand and 
Tasmania (Bjoerkman, 1969; Kearney, 1898; Singh, 1984; Tsvelev, 1983; 
Vickery, 1940), 19 in Japan (Ohwl, 1942; Tateoka, 1985), and 8 in 
Korea (Chung, 1965). 
With the exception of about ten species of section Epigeios 
Koch (rachilla not prolonged) inhabiting the northern temperate regions 
of the old world, all belong to section Deyeuxia (rachilla prolonged). 
The genus Calamagrostis is usually attributed to Adanson (1763), 
who described It as: ligule membranaceous; panicle tapering; calyx 
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(glumes) ovoid, without awn; corolla, (lemma) without an awn. He cited 
no species in connection with the description. Two species, Arundo 
epigeios L. and Arundo Calama^ rostis L., appear to have been used by 
Adanson to write his description. The presence of long hairs on the callus 
callus in Arundo Calamagrostis L. agrees with the present day 
interpretation of the genus Calamagrostis. 
Hitchcock (1937) accepted Arundo Calamagrostis as the type species 
of Calamagrostis Adans. For many years, the idea of Calamagrostis has 
been built around such species as Calamagrostis eplgeios Roth.= (Arundo 
eplgeios L.) and Calamagrostis lanceolata Roth= (Arundo Calamagrostis 
L.). as type specimens. Due to the uncertainty surrounding Adanson's 
description of Calamagrostis, Stapf (1899) accepted Roth as the author . 
ofthe genus. 
Roth (1789) described the genus as "Gluma blvalvis, uniflora, 
corolla basl pilosa" and enumerated five Linnaean secies under the 
genus. No combinations under Calamagrostis pre-date Roth's work, so 
that in the interest of stability of nomenclature, the conservation 
of Calamagrostis Roth over Calamagrostis Adans. has been widely 
accepted. 
The genus Deyeuxia was established by Beauvois (1812), following a 
manuscript name attributed to Clarion in Beauvois (1812). It is very 
similar to Calamagrostis but differs in having the rachilla extended. 
Clarion grouped in Deyeuxia the great majority of the species described 
as Calamagrostis and left only Calamagrostis eplgeios and those species 
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resembling it in the genus Calamagrostis. In his grass 
classification, Beauvois tried to make a distinction between genera, 
describing Calamagrostis as having one floret with two large glumes and 
awned lemma, Agrostis with an awned lemma, and Deyeuxia as bearing 
an extended rachilla and an awned lemma. 
Nees von Esenbeck (1829) made Deyeuxia and Calamagrostis 
synonymous and separated two groups: 1) "Rudimentum flosculi secundi 
nullum" with 22 species from the northern hemisphere and one from 
Brazil (Calamagrostis capillaris Nees =Agrostis) and, 2) "Rudimentum 
flosculi secundi" = Deyeuxia Beauv., considering the latter as cosmopolitan 
and grouping the species according to the region where they occur (species 
Europaeae, Regnum arcticarum, Americae septentrionalis, Americae australis. 
Novae Hollandiae, Indiae orientalis et Javanica). 
Hackel (1887) followedKoch, subdividing the genus Calamagrostis 
into two sections: 
Section I. Epigeios Koch, with rachilla absent and hairs on the 
callus usually long, grouped together ten species from north temperate 
zones of the world including Calamagrostis epigeios (L.) Roth, 
Calamagrostis littorea DC., Calamagrostis lanceolata Roth, and 
Calamagrostis halleriana DC. 
Section II. Deyeuxia Beauvois (as a genus) usually with hairy 
rachilla and callus hairs shorter than in section I or very rarely 
wanting. It contained one hundred and twenty species distributed 
throughout temperate and arctic zones and in the high mountains 
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Table 3. Subgenera, Divisions, Sections, Subsections of 
Calamagrostis suggested by various authors 
(Author cited by Wasiljew 1960) 
Categories 
Subgenera Divisions Sections Subsections 
Authors 
Ascherson Paragrostis 
Graebner Eucalamagr- Quinquener- Calamagris 
1834 ostis viae Deyeuxia Orthoatherae 
Ancylatherae 
Koch 
1837 
Haclcel 
1887 
Epigeios 
Deyeuxia 
Torges 
1898 
•Paragrostis 
Trinerviae 
Quinquenerviae Homeotrichae 
Deyeuxia 
Rosewiz 
1934 
Wasiljew Epigeios 
1960 Pararctagrostis 
Paragrostis 
Ankylathera 
Calamagrostis 
Epigeios 
Quininquenerviae Erudimentosa 
Deyeuxia 
Arundinagrostis 
Stilpnophleum 
Homeotrichae 
Orthoatherae Brachy trichae 
Dolichotrichae 
Deschampsi-
agrostis 
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of the tropics. Included were about sixty species in the Andes of 
South America. The delimitation of the genus Calamagrostis as well 
as the acceptance of Deyeuxla Clarion as a genus have been discussed 
by agrostologists, resulting in two interpretations of the genus. 
Nearly 20 authors have accepted the genus Calamagrostis in the wide 
sense and six defend conserving the genus Deyeuxia. This diffrence 
of definition with respect to Calamagrostis and Deyeuxia has 
has existed since Adanson published his generic description. This 
This genus presents wide morphological variations in the characteristics 
described by Adanson. As a consequence, many authors have subdivided 
the genus into various subgenera, sections, or series (Ascherson and 
Graebners, 1834; Benthaia and Hooker, 1883; Bor, 1973; Ilackel, 1908, 
1887; Hitchcock, 1937; Mez, 1922; Nees von Esenbeck, 1829; Parodi, 1949; 
Steudel, 1841; Wasiljew, 1960) (Table 3). 
The merger of Deyeuxia with Calamagrostis has been accepted in 
in recent extensive treatments of the family Foaceae, including Clarke 
(1980) for Europe, Cope (1982) for Pakistan, and Tsvelev (1983) for 
USSR. South American species have been studied as follows. 
Argentina: 
Grisebach (1874) studied the Argentinian species of Calamagrostis 
collected by Lorentz and placed all of them in the genus Agrostis. 
Parodi (1949) studied the species of Calamagrostis from the "Pampas 
Argentines" stating that the species are defined by the following 
characters; awn length, glume size, and callus hair size. In 1953, he 
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separated four species from Rio de la Plata Into three collective 
groups: CalamaRrostls vlrIdlflavescens, Calamagrostls beyrlchlana, and 
Calamagrostls nemoralls, following Benthaia and Hooker's (1883) criteria. 
Parodi declared the genus Deyeuxla valid, based on floral characters and 
geographical distribution. Tuerpe (1962) characterized the genus 
Deyeuxia from Argentina as having an extended rachilla, emphasizing 
that this character is not present in other genera. In 1953a, 1953b, 
Parodi described all Calamagrostls species from Argentina under 
Deyeuxia as a genus. 
Paunero (1974) cited the character "extended rachilla" in some 
species of Agrostis, Apera, Ammophila and Lagurus. Moore (1983) studied 
some species for Argentina and placed them under Calamagrostis Adans. 
Rugolo (1975, 1978) studied the Argentinian species, placed them 
under Deyeuxia Clarion and considered there are no true species 
of Calamagrostis in Argentina. She recommended a review to check the 
validity of Calamagrostis Adans. or Roth in order to clarify the 
generic position of Deyeuxia and Calamagrostis. 
Uruguay: 
Rosengurtt, Arrilaga, and Artucio (1970) studied the species for 
Uruguay, placing them under Calamagrostis Adans. 
Chile: 
Philippi (1891) described eight species under the genus Deyeuxia 
Clarion, but in 1896 placed them under Calamagrostis Roth., sub-section 
Deyeuxia Clarion. Pizarro (1959) described the Chilean flora and placed 
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some species In the genus Deyuxla Clarion and others In the genus 
Calamagrostls Adans. 
Colombia: 
Pllger (1900) described four species under Deyeuxla for 
Colombia and In 1966 Plnto-Escobar enumerated four species under 
Calamagrostls from Colombian paramos, not mentioning authorship. 
Venezuela: 
Plttler (1936) listed seven species for Venezuela under Caiamagrostls 
Adans., describing the places where they grew. In 1945, he added three 
species. Swallen (1948) described three new species for Venezuela, and 
Luces (1953) described two new species, totaling 15 for this country. 
Ecuador, Peru and Bolivia: 
Weddell (1875) studied the grasses of Bolivia and Peru, placing his 
species under Deyaxia Clarion. He published a key to the species 
based on anther size. Weddell presented a list of species but did not 
Include descriptions. Pllger (1900) listed all Weddell's species under 
Calamagrostls Adans. Hitchcock (1927) enumerated and Included formal 
descriptions of the species under Calamagrostls Adans. and listed some 
species proposed by Weddell in uncertain positions until the type 
specimens could be examined. 
Ecuador: 
The species from Ecuador were first studied by Sodiro (1889) who 
described them under Calamagrostls Adans. In 1930, he described most 
of the species from Ecuador under Deyeuxla Clarion, giving the same 
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Latin description as Bentham and Hooker (1883). Swallen described two 
species in 1948 under Calamagrostis Adans. 
Peru: 
Presl (1830) described eight species from Peru under Deyeuxia, 
which were placed by Tovar (1960) under Calamagrostis Adans. Standley 
(1936) enumerated and described 21 species under Calamagrostis Adans. 
Bolivia: 
Engler and Prantl (1913) described ten species under Calamagrostis 
Adans., mentioning their importance as forage for llamas, alpacas, and 
vicunas. In 1921, Ilenrard enumerated five species under Calamagrostis, 
retaining Weddell's Deyeuxia as a synonym. Foster (1966) and Jimenez 
(1976) listed 27-31 species under Calamagrostis Adans. 
Brazil: 
Kampf (1975) considered Brazilian species from Rio Grande do Sul 
as intermediate between Deyeuxia and Calamagrostis, and accepted 
Calamgrostis Adans., emend. Roth. Smith, Wasshausen, and Klein (1982) 
enumerated and described five Calamagrostis species for Santa Catarina. 
B. Tazonomlc Treatment 
Identification of Calamagrostis species is difficult, not only 
because of the large number, but because of the limited variety of 
of characters distinguishing the species (Stebbins, 1930). 
As a conclusion from the history of Calamagrostis and some recent 
studies, it is possible to see that botanists have been trying to separate 
species mostly on floral features. There has been no recognition of 
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variation in geographical distribution, leaf anatomy, reproductive mode, 
biochemistry or cytology. 
As a consequence a multitude of species, varieties, and forms have 
been described, these differ only in minor morphological details, that 
may be a response to the environmental conditions. Interspecific 
hybridization is common in the genus Calamagrostis and large numbers of 
supposed hybrids have been described (Clarke, 1980). Many studies have 
shown that the taxonomic complexity within the genus is due to apomixis, 
introgressive hybridization, and polyploidy (Nygren, 1948, 1954a, 1954b; 
Tateoka, 1973; Tateoka, Hiraoka and Tateoka, 1977). As emphasized in the 
taxonomic history of the genus Calamagrostis, the genus has been 
divided into sections, subsections, and series, resulting more confusion 
in understanding the species boundaries (Table 3). This investigation 
follows Koch, 1837 (cited by Wasiljew, 1960) who classified the genus 
Calamagrostis into two sections; Epigeios Koch, lacking the 
rachilla of a second floret, including the species from the old world; 
and Deyeuxia (Clar. ex Beauv.) Reinchenb., presenting the rachilla 
including the species from from the new world, admitted by some authors 
as a genus Deyeuxia Beauv. (Fig. 57). 
Further studies are necessary in order to clarify the species 
relationship within the genus Calamagrostis and with closely related 
genera within the tribes Agrostideae and Aveneae. The genus 
Calamagrostis is similar to the genus Agrostis to the extent that 
Wasiljew (1960) considered no definite boundaries existed between them. 
Fig. 57. Diagram showing taxonomic position of 
Calamagrostls within the family Poaceae 
FAMILY.POACEAE 
SUBFAMILY POO IDEA E 
TRIBE AVENEAE OR 
AGROTIDEAE ?  
GENUS 
CALAMAGROSTIS 
SECTION 
EPIGEIOS 
SEOION 
DEYEUXIA 
SUBSECTION 
STYLAGROSTIS 
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Bjoerkman (1969) stated that it "is difficult to draw a sharp limit 
between Agrostis and Calamagrostis, if possible at all". This statement 
is emphasized by Clayton and Renvoize (1906) who placed Calamagrostis 
under tribe Aveneae. The separation of Calamagrostis and Deyeuxia 
as genera, based on the prolongation of the rachilla and callus hair 
length in relation to the lemma, have been considered insatisfactory 
in a world context. Parodi (1953a) validated the genus Deyeuxia based 
on floral characters, and placed it under subfamily Festucoideae, 
tribe Agrostideae, and excluded the genus Calamagrostis from the 
Southern Hemisphere. Hitchcock (1927) segregated the species for 
Ecuador, Peru, and Boliva, based on spikelet and leaf blade morphology, 
and placed them within the genus Calamagrost s. Hitchcock based his 
work on Weddell (1875), who presented a key-type description of 
Central Andean species under Deyeuxia, as a genus. Sodiro (1930) 
described the species for Ecuador under the genus Deyeuxia, considering 
only morphological characters of the leaf and flower. Tovar (1960) 
Included the species for Peru within the genus Calamagrostis, based 
on floral characters. Rugolo (1975, 1978) and Tuerpe (1962), in their 
taxonomic revisions for Chile and Argentina, described the species under 
under the genus Deyeuxia. ICampf (1975) included the species from Brazil 
within the genus Calamagrostis. No taxonomic treatment of the species 
exists for Venezuela and Colombia. 
There is still controversy as to generic boundaries for the South 
American species, but this will not be clarified until further studies in 
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biochemistry, cytology, morphology, anatomy, and biogeography are done. 
It is hoped that this preliminary work will be a contribution in helping 
to understand the complicated taxonomy of this genus. 
The separation of species was made by using both a cladistlc 
approach and statistical approach (cluster analysis) which are discussed 
and illustrated separately. 
C. Cladistlc Approach 
"Among plant families, the Gramineae is one of the most difficult 
for determining directional trends of evolution" (Stebbins, 1982). Basic 
evolutionary mechanisms such as mutation and recombination in different 
environments have provided specific patterns of variation of Interest and 
importance to taxonomists (Campbell, 1986; Crane, 1985). As pointed out, 
the taxonomlc understanding of Calamagrostls is not complete. However, 
for subsection Stylagrostls, there are some characters that permit a 
preliminary cladistlc approach. 
The cladistlc approach for subsection Stylagrostls was built 
considering the species as a monophyletlc group and establishing its 
apomorphies. 'The materials for this study are 14 OTUs of subsection 
Stylagrostls and a data matrix of 22 two-state characters. The species 
(OTUs) and their apomorphlc states are presented in Tables 4 and 5. The 
outgroup method (Stevens, 1980) of determining character states polarity is 
used here, using an approach outlined by Watrous and Wheeler (1981). The 
designation of a functional outgroup (FOG) the group "Viridi-flavescentia" 
created by Parodi (1949) was hypothesized as a possible outgroup 
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(Humphries and Funk, 1984; Ridley, 1986). Except for C_^  nemoralis, C. 
patagonica, C. viridiflavescens var. montevidensis, C. alba which present 
the character "floret stipitate," all species within this group were 
studied, but further revision will be done in order to determine species 
and group boundaries with respect to other subsections. The species within 
this group are widely distributed in South America, not only in the Andes, 
but also in Brazil, Uruguay, and Paraguay. 
Data was analyzed with a Phylip version 2.8, computer program 
written by Joseph Felsenstein. It is based on the idea of parsimony or 
minimun-evolution approach which has been the basis of several alternative 
methods. In these different methods, combinations of evolutionary events 
are allowed to ocur and the numbers of different types of inferred 
character-state changes are to be minimized. These methods include the 
Wagner parsimony method (Farris, 1970), the Dollo parsimony method (Farris 
1977), and the polimorphism parsimony method (Felsenstein, 1979). The 
subprograms used were; Mix ,the general parsimony program using the 
"G" option (global search) which, after the last species is added to the 
tree, causes each species to be removed and re-added, improving the 
results, since the position of every species is reconsidered (in order to 
root the tree the "0" option was used); Clique, program that uses the 
compatibility method for unrooted two-state characters to obtain the 
largest cliques of characters and the trees which they suggest, computing 
a compatibility matrix for the characters, then using a recursive procedure 
to examine all possible cliques of characters; Dollop, a program that 
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carries out the Dollo and polymorphism parsimony methods and attempts to 
minimize the number of 1 >0 reversions necessary ("G" option was used). 
All trees obtained from the application of Mix and Dollop programs were 
accompanied by a table showing the reconstructed'states of the characters 
in the hypothetical ancestral nodes in the interior of the tree, making it 
easy to reconstruct where the changes were in each of the characters. 
Also a line of information about the evidence of the character change, 
using "no" for no evidence, "yes" for definite evidence of one change, and 
"maybe" if the matter is ambiguous. The results from these two programs 
were 90% "yes". The use of Phylip subprograms and their multiple options 
resulted in several trees, showing possible evolutionary relationships 
of the species within subsection Stylagrostis. 
The cladogram (Fig. 58) presented here is a first approximation in 
the study of subsection Stylagrostls phylogeny. One apomorphy (clade) 
for subsection Stylagrostis was found "lemma not stipitate below the 
callus" vs. "lemma stipitate below the callus," determining this group 
as monophyletic (Table 5). This cladogram (Fig. 58) reveals several 
homoplasies resulting from the multiple occurrence of characters 2, 5, 6, 
7, 8, 10, 11, 13, 14, 16, 17, 18, 19, 20 which could appear at different 
times within the group, probably due to parallelism and convergence. 
Given this extensive homoplasy, many of the terminal branches leading 
to taxa bear few or no autapomorphies. Two reversal characters 
were found, 8 for mollis and 10 for pisinna. The tricotomies 
exhibited here is probably due to the ignorance of potentially 
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resolving characters. There is no evidence to suggest multiple 
speciation or hybridization. Two groups are distinguished, patristically-
related by sharing a common ancestor. The first group (C^  eminens, C. 
ovata, C. chrysantha, C. aurea, C. ligulata), shares large glumes, 
sometimes two florets, and golden ovate, oblong or open shining 
inflorescences. The second group (C^  amplifiera, C. amoena, C. cleefii, 
C. pisinna, C. curta, C. chaseae, C. mollis, C. ramonae, C. guamanensiu) 
shares open or ovate purple Inflorescence, twisted awns, soft or liquid 
endosperm, flat or involute leaves, elongated silica cells with sinuous 
edges, and prickles or long hairs. 
D. Statistical Analysis 
Statistical analysis has been used increasingly by taxonomists in 
order to convert large amounts of data into a useful tool to establish 
relationships among plants (Crovello, 1970; Hilu and Wright, 1982; Ivimery-
Cook, 1969). After having examined microfeatures and gross morphology in 
a group of plants, an analysis of variation of its biological systems can 
be approached. Different techniques are available, such as cluster 
analysis, to determine the relative impact of old versus new characters in 
the new system and to investigate the placement of some questionable 
genera, families species, etc. (Hilu and Wright, 1982; Sneath and Sokal, 
1973; Sokal and Sneath, 1963). The operational taxonomy units (OTUs) for 
this study were collected in field work in 1985 and from other herbarium 
specimens. The variables measured for all specimens are given in Table 6. 
cluster analysis was used to analyze the data generated from the specimen 
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Table 4. Distribution of character and corresponding states 
considered for cladistic approach in subsection 
Stylagrostis 
1. Lemma not stipitate below the callus vs. lemma stipitate below the 
callus 
2. Open inflorescence vs. spike-like inflorescence 
3. Lemma awn straight vs. lemma awn twisted 
4. Leaf sheath-blade junction not swollen vs. leaf sheath-blade 
junction swollen 
5. Silica body equidimensional, vertical and horizontal 
dimension approximately equal (up to 0.5 Mm' ) vs. silica body 
horizontally elongated, horizontal dimension greater than 
vertical dimension (at least 2,5 Mm) 
6. Anthers notably elongate (at least 2.5 mm) vs. anthers minute 
(up to 0.5 mm) 
7. Papillae absent on the abaxial leaf surface vs. papillae 
present on the adaxial leaf surface 
8. Hard endosperm vs. soft and/ or liquid endosperm 
9. Fertile lemma surface glabrous vs. fertile lemma surface 
scabrous 
10. Palea keels glabrous vs. palea keels scabrous 
11. Sclerenchyma as strands or girders opposite to the vascular 
bundles vs. sclerenchyma as a continuous abaxial subepidermal 
band connected or not connected to the vascular bundle 
12. Ligule membranous truncate (1-3 mm) vs. ligule membranous elongate 
tapering or bifurcate (6-15 mm) 
13. Lemma ending in tapering or erose vs. lemma bilobed, notched or 
toothed 
14. Lemma callus short (up to 0.5 mm) (cuneate or round) vs. lemma 
callus elongate (up to 1-2 mm) 
15. Leaf sheath tubular vs. leaf sheath inflated 
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Table 4. (continued) 
16. Callus hairs short (up to 1 mm) vs. callus hairs long (up to 2mm) 
17. Leaf blade with 7-15 vascular bundles vs. leaf blades with 
5-6. vascular bundles 
18. Simple papillae vs. forked papillae 
19. Thick walled parenchyma cells not present vs. thick walled 
parenchyma cells present 
20. Ovary not contricted or infolded vs. ovary contricted or infolded 
21. Leaf epidermis with short hairs vs. leaf epidermis with long hairs 
Table 5. Distribution of character-states in subsection 
Stylagrostis used for cladistic approach 
Character-states 
Taxon 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 
Outgroup 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
amoena 1 0 1 0 1 0 0 0 1 1 1 0 1 0 0 0 0 1 0 0 1 0 
amplifiera 1 0 1 0 1 0 0 0 1 1 1 0 0 0 0 0 0 0 0 1 0 0 
ligulata 1 0 0 0 1 0 0 0 0 0 0 1 1 1 0 0 1 0 0 0 0 0 
pisinna 1 0 1 0 1 0 0 1 1 0 0 0 1 0 0 1 0 0 0 0 0 0 
chaseae 1 1 1 0 1 0 0 1 1 1 1 0 1 0 0 0 0 0 0 1 0 0 
guamanensis 1 0 1 1 1 0 0 1 1 1 0 0 1 0 0 1 0 0 0 0 0 0 
raflionae 1 0 1 1 1 0 1 1 1 1 0 0 1 1 0 0 1 0 0 0 0 0 
aurea 1 1 0 0 0 0 1 1 0 0 1 1 1 0 1 0 0 0 0 0 0 0 
chrysantha 1 1 0 0 0 0 1 0 0 0 1 1 1 0 1 0 0 0 1 0 0 0 
eminens 1 0 0 0 0 0 1 0 0 0 0 1 0 0 «0 0 0 1 1 0 0 0 
ovata 1 1 0 0 0 1 1 0 0 1 0 1 1 0 1 0 0 0 0 0 0 0 
curta 1 1 1 0 1 0 0 1 1 1 0 0 1 0 0 0 0 0 0 0 0 0 
mollis 1 1 1 0 1 1 0 0 1 1 0 0 1 1 0 0 0 0 0 0 0 1 
cleefii 1 0 1 0 1 0 0 0 1 1 0 0 1 0 0 0 0 1 0 0 0 0 
Fig. 58. Cladogram of subsection Styla^ rostls based 
on the data of tables 4 (pages 92-93) and 5 (page 94) 
- = apomorphy 
= homoplasy 
# = reversal 
I 
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measurement. Two sets of characters were used. The purpose of this study 
is to clarify the taxonomlc position and synonym of 18 species of South 
American Calamagrostis, included within subsection Stylagrostis. A set 
of 68 specimens from 18 species (OTUs) and 21 morphological and micri-
characters (Table 6), were chosen to consider the first cluster analysis. 
Each character was given a binary code "1" or "0" and standarized to a mean 
of zero and variance of one to insure that no simple character dominates 
the analysis. For each character on each plant, standarized variables 
were calculated by subtracting the mean and then dividing by standard 
deviation for that character using the formula: Xi-X 
S 
Xi= measurement of character X on the i point 
X= mean value of measurement of character X average 
S= standard deviation of measurement of character X 
The method considerd here is agglomerative, i.e., each sub-group in 
the hierarchical classification was built up from the union of two smaller 
groups using the pair-group, in which the new group produced a any stage 
in the clustering process contain only two members. Pearson's 
correlation coefficient was calculated for all pairs of OTUs, thus 
generating a similarity matrix. Clustering was then performed using 
the unweighted pair-group method (UPGMA) (Abbott, Bisby and Rogers, 1985; 
Karson, 1982; McNeill, 1984). The results of cluster analysis are shown 
as a dendrograph of phenetic relationships (phenogram), resulting from the 
above procedure (Fig. 59). Specimens of mutica, C. fulva, C. nivalis 
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C. chrysostachya, C. hackell, C. phalaroldes, C. elegans, C. enlnens 
var, brevlplla, Agrostls fulva, Stylagrostis polystachya, Stylagrostls 
eminens, Deyeuxla chrysostachya, Stylagrostis nivalis, Deyeuxîa elegans, 
Agrostls emlnens, Deyeuxla phalaroides, C. chrysantha and Deyeuxla enlnens 
were treated in this study. 
The cluster as unity is represented by species presenting golden 
shining Inflorescences, straight awns or none, and inhabiting soil, bogs 
and streams on high altitude (puna type vegetation) af3,900-5,000 
la in Peru, Bolivia, Argentina and Chile. 
Two subclusters are well differentiated at phenon 0.1, on the 
basis of combining the morphological characters (external, internal, 
microscopic), and ecological and distributional characters (habitat, 
geographical distribution). The subcluster I grouped specimens of 
C. hackell, C. chrysostachya, C. ovata, Stylagrostis nivalis, D. 
chrysostachya and Stylagrostis polystachya. The specimens included 
in this study were segregated in three recognizable units (species), which 
share the following characters: culms 15-40 cm, densely caespltose; 
ligule membranous, elongate, acute; panicle, dense ovate or spiciformes; 
awn straight (absent in hackell). C. hackell is characterized by 
glabrous rachilla no callus hairs, no awn; chrysostachya presenting 
callus hairs short, distributed in two lateral tufts, awn short, subapical, 
rachilla hairs short, specimens of Deyeuxla chrysostachya, clustered 
within chrysostachya as result it was considered a synonym; ovata 
exhibiting long callus hairs evenly distributed around the callus, pedicel 
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pubescent glumes flllformls and very long, basal awn, rachllla hairs 
long shortening at the apex. Specimens of nivalis and Stylagrostls 
nivalis were clustered with specimens of ovata, and therefore were 
considered a synonym. The specimen of polystachya clustered close to 
C. hackelil. Deyeuxla polystachya has been considered as synonym of C. 
emlnens, it is not listed as Calamagrostis but as an uncertain 
species by Hitchcock (1927). polystachya type has not been examined 
but It was the base for Stylagrostls polystachya (Mez 1922). The author 
was cautious considering Deyeuxla polystachya taxonomic treatment, 
until further studies are performed. The subcluster II grouped 
specimens of Chrysantha, C. emlnens, C. fulva, C. mutlca, 
C. phalaroldes, C. elegans, Deyeuxla elegans, Agrostis emlnens, C. 
emlnens var. brevlpila, and Deyeuxla fulva (Agrostis fulva). The 
Characters distinguishing this group are; callus hairs long (short in 
C. fulva; culm 60 cm-1 m; inhabiting at 3,500-5,000 m the puna of Bolivia, 
Peru, Chile and Argentina in bogs and streams; panicle from long 
open glomerate to short oblong. Members of this group Intermingle and 
overlap because of high morphological, ecological and distributional 
resemblance. The study revealed an inflorescence - floret reduction 
series, exemplified by the occurrence of a gradual reduction of the 
Inflorescence size and shape from open to condensed in C^  chrysantha and 
the reduction of two florets per splkelet to one floret per spikelet in 
C. emlnens. 
Three well-defined units (species) were differentiated, C^  chrysantha 
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distinguished by oblong spikelets; vascular bundles 11-14; leaf blade 
outline U-shaped; glumes long, acute, awn medial, straight, shorter 
than the lemma; callus hairs long, evenly distributed; anthers 2 mm long; 
rachilla hairs long, inserted at its medial part. Speciûens, of mutica 
C. phalaroides, and Deyeuxia phalaroides exhibit common characteristics 
with chrysantha clustering together for this reason they were 
considered synopyms. The second entity is eminens with open 
clustered inflorescence, six vascular bundles, V-shaped outline leaf 
blade, awn suprabasal, callus hairs long, abundant, rachilla hairs long. 
The specimens of eminens var. brevipila, Agrostis eminens, Deyeuxia 
eminens, Stylagrostis eminens intergrade with specimens of eminens, 
clustering together, and exhibiting common patterns of distribution 
and common morphological characteristics, consequently named as 
synonyms. The specimens of elegans and Deyeuxla elegans clustered 
between Chrysantha and eminens, presenting morpho-anatomical 
features close to eminens, therefore they are considered here as 
synonyms of C eminens untill further studies are performed. 
The third entity, fulva with short, scanty callus hairs basal 
awn, callus hairs long, not abundant; clustered as a separate species. 
Specimens of Deyeuxla fulva and Agrostis fulva clustered with fulva, 
therefore are considered a synonymous. The geographical distribution as 
follows: C. ovata, Peru and Bolivia; chrysantha, Peru, Bolivia, 
Argentina and Chile; eminens, Peru, Bolivia, Chile and Argentina; C. 
fulva Chile and Argentina; C_^  chrysostachya, Chile and Argentina; C^  
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Table 6. Characters and corresponding states for cluster 
analysis using the unweighted pair-group method (UF6HA.) 
Structure Characters Character states 
Floret floret stlpltate 1-length 0.5 mm-0.7 mm 
Leaf 
blade 
epidermis 
blade 
Inflores­
cence 
ligule 
sheath 
panicle 
2-length 
3-paplllae 
4-silica cells 
5-prickles 
6-number of 
vascular 
boundles 
7-outline 
8-sclerenchyma 
distribution 
10-length 
11-length 
12-length 
13-shape 
2 cm-75 cm 
adaxial surface 
or absent 
round-elongated 
adaxial-
otherwise 
5-16 
V-otherwise 
continuous 
abaxial-
discontinuous 
abaxial 
truncate-
filifform 
0.5-14 mm 
4 cm—75 cm 
open long 
spreading, 
open short, 
contracted short 
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Table 6. (continued) 
Structure Characters Character states 
inflores­
cence 
panicle 
spikelet 
13-shape 
14-color 
15-grouping 
16- second 
glume length 
contracted short 
contracted 
long, ovate, 
cylindric 
golden brown 
golden green 
purple 
golden 
other 
clusters-
otherwise 
1.5-14.5 mm 
17-lemma length 0.3-5 mm 
18-awn insertion 0-7 mm 
19-rachilla 
length. 
20-rachilla 
length hairs 
21-callus 
hairs length 
0.5-2.4 mm 
0-4.5 
0-4.5 
1 
Fig. 59. Cluster analysis phenogram resulted using 
simple matching correlation distance, using 68 OTUs, 
and 21 morphological and mlcrocharacters (Table 6) 
Subcluster I 
Subcluster II 
Number of the specimen included in this 
cluster analysis 
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hackelll, Chile and Argentina. The majority of the species considered 
here are poorly represented by materials in herbaria. Much collecting and 
critical classification work is needed before considering a monographic 
study of the genus Calamagrostis for South America. 
In the second set, 14 OTUs and the average measurement of 16 
morphological and micro-morphological characters were considered. In 
order to find a relationship among the species within subsection 
Stylagrostis, 16 character states, advanced vs. primitive, were used 
(Table 7), and their distribution among the species were tabulated 
(Table 8). Similarities among OTUs, were calculated using the Jaccard's 
coefficient of similarities (Jaccard, 1908), applied to binary data, 
derived as a ratio involving the number of attributes shared by a pair of 
entities relative to the total number of attributes involved in the 
comparison. 
a occurrences 
J= (0 - 1) 
a + b + c total occurrences at either taxon 
(Low similarities may be either positive or negative and near 
zero, while high similarities assume values from near to unity to 
infinity) 
a= is a number of characters for which the advanced character is 
present in both OTU 1 and OTU 2 
b= is the number of characters present in OTU 1 but not in OTU 2 
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c= is the number of characters for which the advanced character is 
present in OTU 2 but not in OTU 1 
Considering a single attribute with, in either event, scores of 1 or 
0, there are only four possibilities when comparing a pair of entities 
(Taxa or OTUs) (Clifford and Stephenson, 1975; Sokal and Sneath, 1963). 
OTU 1 
+ 
OTU 2 + a b 
- c d 
For example: 
C. amoena 
+ 
C. ampliflora +6 0 
- 1 9 
Then the Jaccard's index of similarities: 
6 6 
J= = = 0.8571 
6 + 0 + 1 6 + 0 + 1 
The results are presented as a Jaccard similarity matrix (Table 9). 
Large numbers indicate high similarities. Clustering of species was 
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performed using unweighted pair group mean averaging (UPGMA), so-called 
by Abbott, Bisby and Rogers (1985) "agglomerative two-step cluster 
analysis" consisting of: 
1. Constructing a similarity or distance table, containing 
values for the overall resemblance between all possible pairs 
of OTUs. 
2. Constructing diagrams using a clustering procedure. 
The species were segregated basically into two major representative 
groups. The first one is formed by Cj^  amoena, C. ampliflora, C. pisinna, 
C. cleefil, C. Ruamanensis, C. ramonae, C. curta, C. chasei, and 
C. mollis, characterized by twisted lemma aim, silica bodies 
longitudinally elongated, fertile lemma scabrous, and palea keel 
usually scabrous. This group inhabits boggy meadows, soil or rocks 
at 3,000-5,000 m (paramo and puna) in Venezuela, Colombia, Ecuador, 
Peru, Bolivia, Chile, and Argentina. 
The second group has golden shining inflorescences, lemma 
awn straight, papillae on the adaxial surface or absent, auriculate 
membranaceous elongate ligule tapering or bifid (6-18 mm long), 
inhabiting bogs or wet soils at 3,000-5,300 la (paramo and puna) 
in Ecuador, Peru, Chile, and Argentina. This group is represented 
by very similar species such as C_^  eminens, C. ovata, C. ligulata 
C. chrysantha, and C^  aurea. 
These two initial groups were the basis for separating species 
using specific character states (see species descriptions and Fig. 60). 
108 
Similar results were revealed with the cladlstlc approach. The group 
appear to have originated from a common ancestor (patristic derivative 
resemblance) and then each group developed different characters. 
However, because of parallel evolution and convergence, it is 
hard to determine the degree of resemblance if we do not have the 
necessary genetic and evolutionary Information to distinguish analogies 
and homologies in order to explain phenetic resemblance. 
Table 7. Character-states in subsection Stylagrostls 
used for producing the Jaccard table of similarities 
Structure Characters Characters-states 
Leaf 
papillae 
stomata 
sclerenchyma 
silica bodies 
Inflorescence 
floret 
1-adaxial papillae 
2-adaxlal epidermis 
3-abaxial epidermis 
4-outllne 
5-shape 
6-blade-sheath 
junction 
7-shape 
8-lemma awn 
9-rachilla 
10-awn insertion 
absence vs. presence 
epidermal cells level vs. 
sunken 
discontinuous vs. continuous 
flat vs. infolded 
equidlmenslonal vs. 
horizontally elongated 
not swollen vs. swollen 
open vs. contracted or 
clustered 
straight vs. twisted 
short (1-1.8 mm) 
vs. long (2-3 mm) 
apical or subapical 
vs. medial or basal 
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Table 7. (continued) 
Structure Characters 
Inflorescence 
floret 11-lemma 
12-palea 
13-palea. 
14-callus 
15-endosperm 
16-anthers 
Characters-states 
glabrous vs. scabrous 
longer or equal vs. shorter 
than lemma 
carina glabrous vs. scabrous 
short (up to 0.5 mn) vs. 
long (up to 1-2 mm) 
solid vs. soft or liquid 
long(atleast 2.5 mm) vs. 
short (up to 0.5 mm) 
Table 8. Jaccard's similarity matrix 
1 1.000 
2 0.8571-1.000 
3 0.3750-0.4286-1.000 
4 0.5000-0.5556-0.3333-1.0000 
5 0.5556-0.4444-0.1000-0.5000-1.000 
6 0.2000-0.2222-0.1250-0.3000-0.2000-1.000 
7 0,4000-0.4444-0.2222-0.6667-0.2727-0.5000-1.000 
8 0.0769-0.0833-0.1000-0.2500-0.2727-0.0909-0.0769-1.000 
9 0.2308-0.2500-0.3000-0.3077-0.2308-0.0769-0.1429-0.7778-1. 000 
10 0.2727-0.3000-0.5714-0.3636-0.1667-0.0909-0.1667-0.4000-0. 6000--1. 000 
11 0.0833-0.0909-0.2500-0.2727-0.3000-0.2222-0.0833-0.6250-0. 5000--0. 4444-1 .0000 
12 0.4545-0.3636-0.1818-0.5455-0.6000-0.2727-0.4545-0.2308-0. 2000--0. 1429-0 .2500--1. ,0000 
13 0.5455-0.4545-0.2727-0.6364-0.5455-0.2500-0.5455-0.2143-0. 2667--0. 2143-0 .2308--0. 9000-1. 000 
14 0.4444-0.5000-0.4286-0.5556-0.3000-0.2222-0.4444-0.1818-0. ,2500--0, .3000-0 .2000--0, .5000-0. 4545-1.000 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 
Table 9. Distribution of character-states in subsection Stylagrostis 
for cluster analysis using the Jaccard's table of similarities 
1 2 3 4 5 6 
Character-
7 8 9 
•states 
10 11 12 13 14 15 16 
Taxon 
aaoena 0 1 1 1 1 0 0 1 1 1 1 1 1 1 0 0 
ampliflora 0 1 1 1 1 0 0 1 0 1 1 1  1 1 0 0 
ligulata 0 0 0 1 1 0 0 0 1 1 0 1 0 1 0 0 
pisinna 0 1 0 0 1 0 0 1 1 1 1 1 0 1 1 0 
chaseae 0 1 1 0 1 0 1 1 1 1 1 1 1 1 1 0 
guamanensis 0 1 0 1 1 1 0 0 0 1 1 1  1 1 1 1 
ramonae 1 1 0 1 1 1 0 1 0 1 1 1 1 1 0 0 
aurea 1 1 1 1 0 0 1 0 1 0 0 1 0 1 1 0 
chrysantha 1 1 1 1 0 0 1 0 1 1 0 1 0 1 0 0 
eminens 1 1 0 1 0 0 1 1 1 10 1 0 1 0 0 
ova ta 1 1 0 1 0 0 1 0 1 1 0 1 1 1 0 1 
cur ta 0 1 0 0 1 0 1 1 1 1 1 1 1 1 1 0 
Mollis 0 1 0 1 1 0 1 1 0 1 1 1  1 1 0 1 
cleefii 0 1 0 1 1 0 0 1 0 1 1 1 1 1 0 0 
Fig. 60. Cluster analysis phenogram after using the Jaccard 
table of similarities; 16 character-states were used to 
compare 14 species within subsection Stylagrostls 
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-C .aurea  
-C  chrysanfha  
-C. ova ta 
- C. I  i  gu i  a  fa  
.C  eminens  
.C .guamanens is  
.  C .amoena  
.  C  ampl i f i e ra  
. C .chaseae  
C .  c lee f i i  
C .  ramonae  
C .  p is  inna  
C. mol l is  
C .  cur fa  
114 
E. Possible Origin and Evolution 
The origin of flowering plants Is one of the major unsolved 
problems of plant phylogeny and an enigma In which most major groups of 
vascular plants have been Implicated (Crane, 1985). Grasses are 
Included within this generalization. 
Grass fossil records are scanty. Ellas (1942) reported fossil 
fruits of the tribe Stipeae from the Miocene deposits of the North 
American Great Plains formation. Stebbins (1947) confirmed that the 
fruits found in the Great Plains are related to the genus 
Piptochaetium. Muller (1970) and Doyle (1973) stated that grass 
pollen has been reported from the Cretaceous, but Raven and Axelroad 
(1974) considered that records of fossil grasses were not found until the 
lower Eocene. Thoraasson (1978a, 1973b, 1979, 1980a) showed evidence 
demonstrating stipoid, panicoid, arundlnold, oryzoid, and chloridoid 
grasses were present since the Tertiary. Tateoka (1974a) assumed that 
Calamagrostls and other Aveneae are unknown from the paleobotanlcal 
record, but the existence of modern grass genera since the Neocene 
period is well known by paleobotanlcal evidence. He speculated the 
origin of Calamagrostls perhaps dates back to the Paleocene or the 
Cretaceous period, emphasizing its place of origin was probably in the 
high altitude of the paleo-tropical or paleo-subtropical zones, where 
the genus is represented by many endemic species. Tateoka's analysis 
the antiquity of Calamagrostls, concluding that the actual distribution 
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of the genus shows that It must have had a long existence and pointed 
out that probably the primitive form of Calamagrostis (2n=14) occurs 
in Asia and has not been detected. All chromosome counts done 
for species of North America and Europe (Greene, 1984; Nygren, 1946, 
1954b), Central America (Pohl and Davidse, 1971, 1972), and Japan (Tateoka 
Hiraoka and Tateoka, 1977) revealed polyploid species. Stebbins 
(1956) explained the high percentage of polyploids in temperate 
grasses like Calamagrostls. As one goes northward in North America, 
the percentage increases, suggesting that polyploidy combined with 
hybridization makes individuals better adapted to new ecological niches. 
In 1950, Stebbins generalized the idea that polyploids occupy areas which 
are newer geologically than those of their diploid ancestors. 
Assuming that polyploids are better colonizers in extreme environmental 
conditions, researchers could expect to find a high percentage of 
polyploids in the alpine Calamagrostis in the South American Andes, 
but no research on this matter has been done. 
It should be pointed out that there are some species common to 
South and Central America (C^ nuda, C. pittieri, C. intermedia), but 
not to North America nor any other country where the genus occurs. The 
northern and central Andes of South America (Venezuela, Colombia, Ecuador, 
Peru, and Bolivia) are very interesting areas from both ecological and 
phytogeographical points of view. They can be considered as natural 
laboratories where many fundamental problems such as plant origins, 
evolution, and speciation can be studied. 
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Using evidence from species distribution, anatomy, and morphology, 
it can be hypothesized that the genus Calamagrostis in South America 
evolved from an ancestor with open inflorescence and several-flowered 
spikelets, living in the lowlands of Brazil, Uruguay, Paraguay, Argentina, 
and Chile, which radiated into montane habitats of the paramo and puna, 
leading to isolation, speclation, and origin of endemic species. 
Steyermark (1979) stated that any attempt to present the geographical 
patterns of plant distribution in the tropics with reference to relic and 
endemic elements, needs evidence from more botanical explorations, 
paleobotany, and palynology studies in order to clarify their complicated 
phytogeographical patterns of distribution. 
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VII. TAXOHOMIC DESCRIPTIONS 
A. Subsection Treatment 
Genus: Calamagrostls; Section: Deyeuxla; subsection: 
Stilylagrostis (Mez) Escalona, stat. nov. Based on Stylagrostis 
Mez, Bot. Arch. 1:20 (1922). 
Type Calamagrostls ovata (Presl) Steud. Nom. Bot. 1:251. 1840. "Hab. 
in Peruviae montanis huanocensibus," Huanuco, Peru. Haenke (Isotype US 
2105044). 
Diagnosis: Spikelet : 1-flowered, laterally compressed, floret 
raised on a stipe, this usually disjoints at the summit, the stipe 
remaining between the glumes. Endosperm: liquid, soft or hard. Stomata 
lacking on the abaxial surface. 
Perennials, Culms : erect caespitose or decumbent, 5 cm-1 m haigh. 
Sheaths : long or short, glabrous or scabrous. Ligule: 0.5-18 mm 
long, truncate, hyaline or linear divided at the apex or linear 
acuminate. Blades: 2-60 cm long, flat, conduplicate or involute, 
partially or permanently comvolute. Panicle: 2-40 cm long, terminal lax 
or spiciforais, cylindric, oval or oblong. Spikelet: 1-flowered, 
laterally compressed, floret raised on a stipe, this usually disjointing 
at the summit, the stipe remaining between the glumes. Glumes : 2, 
persistent, equal or the inferior shorter, carinate or not, inferior 1-
nerved, superior 3-nerved, lanceolate acute, coriaceous, membranaceous or 
hyaline, longer than the floret. Lemma: rigid, shorter than the glumes. 
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lanceolate, ovate, or truncate, with or without keel, scabrous or 
glabrous, 5-nerved, 2-4 dentate. Callus ; pilose (or exceptionally 
glabrous). Awn; subterminal, medial or basal, straight or bent usually 
twisted or rare awnless. Palea: 2-nerved, 2-keeled scabrous or glabrous 
shorter than the lemma. Rachilla extension; ordinarily pilose, 
sometimes glabrous and sometimes reduced, subtending a rudimentary lemma 
or complete floret. Stamen; 3, linear anthers, from o.5 ram to 4 mm long, 
filament short or long. Lodlcules; two, bilobate, hyaline, glabrous, 
0.5-1 mm long. Ovary; 0.5 mm to 2 mm long or short, with plumose 
stigmas, ovate to oblong. Caryopsls; ovoid or oblong, persistent, 
included in the glumes, with liquid soft or hard endosperm. Habitat and 
distribution; in cool regions of the Andes in South America (paramo and 
puna, 2,500-5,500 m) and probably in temperate and montane environments 
of the world. 
1. Discussion 
Subsection Stylagrostis is named after "Stylagrostis novum 
Graminearum genus" published by Carl Nez in Botanisches Archiv, 1; 20 
(1922). Mez listed 14 species that were primarily described under the 
genera Deyeuxia, Agrostls, and Calaiaagrostis, grouped them based on the 
character rachilla extension raising the floret, and transferred the 
species to the new genus Stylasgrostis. Mez did not provide type species 
nor species descriptions. The type species selected for this subsection 
is Calamagrostis ovata described by Presl in 1830, (Figs. 1j, 13, 14, 22, 
28, 30, 77, 74). 
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Key to the species of genus Calamagrostls, sect. 
Deyeuxla, subsection Stylagrostls 
(based on morphological characters) 
la. Inflorescence splkellke 2 
2a. Panicle dense, ovate or oblong, golden, shining (2-10 cm 
long) 3 
3a. Ligule Ribbon-like, membranaceous, filiform, 6-18 mm 
long; glumes, golden, shining, 7-12 mm long....... 4 
4a. Glumes 6-7 mm long; anthers 2 mm long; pdicels 
glabrous chrysantha 
4b. Glumes 9-11 mm long; anthers 0.6 mm long, pedicels 
pubescent ovata 
3b. Ligule ribbon-like, bifid at the apex, 1-15 mm long; glumes 
narrow long-acuminate, 7-8 mm long 
aurea 
2b. Panicle ovate or cylindric (continuous or discontinuous), usually 
green tinged with purple 5 
5a. Panicles less than 3 cm long, culms 5 cm tall, glumes 
scabridulous in the upper portion curta 
5b. Panicle more than 3 cm long 6 
6a. Lemma 4-6 mm long, setae 4 slender; a\m medial, twisted, 
geniculate, 6-7 mm long, blade dense pilose abaxially and 
adaxially, callus elongate, with hairs mollis 
6b. Lemma 3.7-5 mm long, thin, scabrous, 2-dentate; awn 
medial exserted, twisted, scabrous, 5 mm long; blade 
firm, scabrous setaceous; callus glabrous 
C. chaseae 
lb. Inflorescence open 7 
7a. Spikelets golden, glomerate or subglonerate at the ends of 
branches and branchlets (whorled), plants 1 m high, in damp or 
wet places eminens 
7b. Spikelet green tinged with purple, not glomerate 8 
8a. Callus cuneate ampliflora 
8b. Callus round or elongate 9 
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9a. Awn straight, suprabasal C. ligulata 
9b. Awn geniculate, twisted, basal or medial 10 
10a. Lemma bifid, the avm arising from the cleft 11 
11a. Leaf blade junction swollen 12 
12a. Callus and rachilla hairs twisted, rachilla 
as long as the palea, awn twisted 
(more than two times) and bent inwards, 
leaf blades scabrous adaxially and 
abaxially C^ ramonae 
12b. Callus and rachilla hairs straight, awn 
straight or curved, arising from the notch of 
the lemma (7-9 mm long), rachilla capitate, 
glumes keel glabrous C^ guamanensis 
lib. Leaf blade junction not swollen 
13a. Blades 0-shaped in transverse section; culms 20-60 
cm tall; panicle rather loose, purplish, 6-15 cm 
long; rachilla 2 mm long, with the upper portion 
bristle-like; glumes green-purple...C. amoena 
13b. Blades U-shaped transverse section; culms 10-20 
cm tall; panicle lax, 3-6 cm long with 
verticillate branching; rachila 2 mm long, 
glumes yellow-purpuraceous C. . cleefii 
C. pislnna 
10b. Lemma four-toothed 13. 
121 
B. Species Descriptions 
1. Calamagrostls ampllflora Tovar, Mem. del Mus. Javier Prado. 
11:16. 1960. (Figs, la, 18, 34, 36, 61, 68). 
Type; PERU. Departamento de Pasco, Goyllarisquizga, northwest of 
Junin, Nov. 7, 1923, 4,000 m, ^  Hitchcock 22327 (Holotype 
US 1164092, Isotype GII). 
Perennial, caespitose. Culms ; erect, scabrous, 70 cm to 1 m 
tall. Sheaths; scabrous, the basal ones shorter than the superior. 
Ligules; membranaceous, acute at the apex, 6-12 mm long. Blades ; 
convolute or plicate, coriaceous, margin scabrous, 20-60 cm long. 
Panicle; 35-45 cm long, 5-8 cm wide (open ascendent branches 
appressed). Spikelets; 6.5-8 am long, pedicels pubescent. Glumes ; 
2, equal or not, acute, purpuraceous, scabrous. Lemma; 5-6 
mm long, scabrous or hispidulous, apex bidentate, teeth sometimes 
becoming setaceous. Awn medial or suprabasal, 6.5-7 mm length, 
geniculate twisted in the lower part. Callus ; cuneate, hairs 0.5-
0.7 mm long, distributed around the callus. Lemma stipe; 0.5 mm 
long. Palea; membranaceous, shorter than the lemma, slightly 
scabrous, on the apical keels. Rachllla extension; 2.5-3 mm 
long, pubescent, hairs 0.8-1.2 mm long. Ovary; ovoid, 0.1 mm 
long. Lodicules; 2, lobate, hyaline. Stamens ; 3, anthers 
yellow, elongated 2-3 mm long. Caryopsis; ovoid with solid endosperm. 
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Mlcrocharacters 
Leaf blades ; convolute, inrolled from one margin only or 
plicate, incompletely wrapped around the edge; 4 mm wide. Adaxial 
ribs and furrows : 15 ribs over the vascular bundles, ten rounded 
and five triangular; 14 U-shaped furrows, between all vascular 
bundles. Medial vascular bundle ; not distinguishable from the 
rest of the first order. Vascular bundle arrangement ; second order 
vascular bundles between consecutive first order vascular bundles, 
close to the adaxial surface, elliptic; first order vascular 
bundles are located in the central part of the blade, ovoid, with 
the broadest side adaxially. The phloem associated to the inner 
sheath, lysinogenous cavity and circular protoxylem vessels are 
present. 
The xylem vessels wider than the parenchyma sheath cells. Bundle 
sheath; outer represented by small thin-walled cells, interrupted 
adaxially by thick-walled colorless parenchyma cells, and abaxially by 
sclerenchyma girders; inner sheath made up of small cells with the 
whole cell wall thickened, completely surrounding the vascular 
bundles. Mesophyll: large amount of thick-walled parenchyma cells 
within the ribs; the chlorenchyma consist of two layers of cells, 
distributed between primary and secondary ribs or units, appearing or 
as a W-shaped U-shaped chlorophyllous tissue. Epidermal cells; 
abaxial, with all cell walls thickened; adaxial, with cells at the top 
of the rib, presenting the whole wall thickened and the cells at the 
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base and sides of the furrows with thin walls. Prickles; adaxlal, 
small with short barbs; abaxial, with bulbous base, no barb. Silica 
bodies; horizontally elongate. Sclerenchyma; as a continuous 
subepidermal layer of cells, 2 cells thick below the furrows and 4 
cells thick below the ribs or units. Blooming; November-December. 
Habitat and distribution; growing in open flat puna at 4,000 m 
altitude in Peru. 
Discussion 
This species is characterized by an abaxial continuous layer of 
sclerenchyma, with girders extending to the vascular bundles 
interrupting the outer vascular bundle sheath. Adaxial ribs are filled 
with thick walled-parenchyma cells. The chlorophyllous parenchyma is 
reduced and located at the base of the furrows and the edges of the 
ribs. The species wasstudied, based in the holotype and isotype 
specimens. No other representative of this species were sent from other 
erbaria or observed in the herbaria of Peru visited by the author. 
Therefore more collections of Calamagrostis ampliflora need to be done. 
2. Calamagrostis amoena (Pilger) Pilger, Bot. Jahrb. 42;60. 1908. 
Calamagrostis filifolia (Wedd.) Pilger, Bot. Jahrb. 42:67. 1908. 
Deyeuxia filifolia Wedd. Bull. Soc. Bot. France 22178-179. 1875. 
Deyeuxia amoena Pilger, Bot. Jahrb. 27:28. 1899. (Figs. 10, 3, 
38, 62, 69). Type: BOLIVIA: Talca. Chugiasguillo, April 1, 1890, A. 
Bang 805 (Isotypes, MO 2105027; US 1099464; F 77546; USU 77546) 
Fig. 61. Calamagrostis amplifiera 
a. Complete plant. Bar = 1.5 cm 
b. Glumes and lemma stipe. Bar = 1.3 mm 
c. Floret. Bar = 1 mm 
d. Ovary and anthers. Bar « 1 mm 
e. Leaf blade cross section. Bar = 2.5 mm 
Based on Hitchcock 22327 
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Perennial, caespitose. Culms : 20-60 cm tall. Sheaths ; short, 
glabrous truncate membranaceous. Blades ; narrow, thread-like, 
permanently involute, pungent at the apex, minute scabrous. Ligules; 
membranaceous, truncate, 1-3 mm long. Panicle: purplish, 6-15 cm long, 
open somewhat lax, rachis glabrous below, scabrid above; branches whorled, 
branchlets and pedicels scabridulous to scabrid. Spikelets; 4-5 mm 
long; Glumes ; 2; entire, papery, carinate, acute, dark purple in 
the central part and hyaline at margins, subequal, scabrous, 4.5-5.5 
mm long, first one 1-nerved, second 3-nerved; Lemma; 3-4 ram long, 4-
dentate, scabridulous, nerves not visible; Lemma stipe; 1 ami long; Awn 
suprabasal (1.5 mm from the base), geniculate, 4-5 mm long, exceeding 
the lemma, twisted at its base and straight above. Callus; round, hairs 
scanty to 1 mm long; Palea; equaling or shorter than the lemma, wider, 
apex toothed; Rachilla extension; 1-2 mm long, the upper portion bristle­
like moderately villous, hairs up to 1.5 mm long; Ovary; elongate 
with an upper constriction; Lodicules; 2, hyaline; Stamens; 3; anthers 
linear, yellow, 1.5-2 mm long; Caryopsis; elongate, endosperm soft. 
Microcharacters 
Leaf blades ; permanently involute, outline round, 1 mm diameter. 
Adaxial ribs and furrows ; 5 ribs or units over the vascular bundles, 
with triangular top, 4 U-shaped furrows between the ribs. Medial 
vascular bundle ; distinguishable by its size and position but no keel 
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is exhibited. Vascular bundle arrangement ; one central first order 
vascular bundle, and 4 lateral second order vascular bundles located 
in the center of the mesophyll. Bundle sheaths ; very well-developed 
mestome sheath, with small cells exhibiting radial thickening in their 
walls. Sclerenchyma; adaxial, absent; abaxial sclerenchyma as a 
continuous layer of cells, 3-4 cells thick; leaf margin sclerenchyma as 
a crescent-shaped structure with fibers extending along the adaxial 
surface; Sclerenchyma between the vascular bundles, a continuousn 
hypodermal layer (3-4 cells thick). Stomata; sunken on the base of the 
furrows, on the adaxial epidermis. Prickles; over the ridges on the 
adaxial surface. Silica bodies; horizontally elongate. Mesophyll; 
chlorenchyma cells irregularly arranged with intercellular spaces. 
Blooming; March-May. Habitat and distribution; rocky slopes and sandy 
soil, 2,700-4,900 m on the Andes of Peru and Bolivia, used as pasture 
for cattle, llamas, alpacas, sheep, etc. Other specimens examined; 
BOLIVIA: Prov. Larecaja, vicinus Sorata April, 1861, Macbride 1306 
(G); Prov. Tunari, Departamento Cochabamba, April 29, 1929, Jose Steinbach 
9785 (F); Minas San Agustin, 15 Km of Ancoraimes, April 27, 1973, 4,250 m, 
R. Lara and ^  Parkern 39j (MO); 5 Km of Comarche Quarey, March 13, 1973, 
4,000 m, Lara and Parker 21f (MO, US); Glanatoe Andium Bolivianum, 
Mandon 1301 (US); Vicinus Sorata, 1858, Mandoh 1303 (US); Vicinus 
Sorata, 1858, 3,000-3,600 m Tunari, 1892, 3,900 m, ÇL Kuntze (US); La 
Paz. Tacacoma-Larecaja. May, 1951, 4,700 m, ^  Cardenas 4844; Bolivia, 
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no locality, no collector name or other data, 1890 (US); Tunari, May 29, 
1929, 3,600 m. ^  Steinbach 9785 (US), Departamento La Paz, Prov. Murillo, 
3.4 Km north of Milluni on the road to Zongo Valley, April 25, 1985. 
4,600 m, Escalona et al. B545 (ISC; MO; US; VEN ); 9.5 km north 
of La Paz, Tiquina road, April 25, 1985; 4,300 m, Escalona et al. 
B533 (ISC; MO; US; VEN; HNB); 5.5 Km north of Milluni on the road to 
Zongo, April 25, 1985, 4,700 m, Escalona et al. B569; (ISC; US; VEN; 
HNB); embalse laguna Tuni-Condoriri, Samapa May 14, 1985, 4,400 m ^  
Escalona & C^ Ostria B612 (ISC; US; VEN; HNB); 1.2 Km below Pongo at 
bridge over the Unduavi River, May 16, 1985, 3,600 M, Escalona and 
J. Solomon B683. (ISC; US; VEN; HNB). Depto. Cochabamba, Prov. Tunari, 
May 29, 1929, 3,600 m, Steinbach 9785 (US 2847468; F 634414); Prov. 
Koari, October, 1954, 3,400 m, ^  Cardenas 5604 (US); Cerro Sipascoya, 
April 1911, 3,700-4000 m, TH. Herzog 2054 (US); La Paz, Larecaja, 
vicinus Sorata, April, 1861, 3,500-3,600 m, Mandon 1306 (G; US); 
Sorata, Lactta, April, 4,500 m, Gunahet 96 (US); Cochabamba, Tunari, 
March, 1944, 3,900 m, ^  Cardenas 3424 (US); Cochabamba, Vacas, June, 
1939, 3,600 m, ^  Cardenas 771 (US); La Paz, April 11, 1919, 3,750 m, 
0. Buchtiem 92 (US); La Paz, Ulla-Ulla, May, 1960, 4,600 m, M. 
Cardenas 5831 (US), No information. ^  Cardenas 5825 (US). PERU: 
Veroniva, April 30,1951, 4,000 m, Raush and Hirsh P1066 (US); Depto. 
Puno, Prov. Huaricane, orillas lago Titicaca, April 3, 1948, 3,950 m, P. 
Aguilar 363 (US); La Raya, April 24, 1954, 4,300 m, Raush and Hirsh 
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P667 (US); no information, 4,000 m, Soray P1504A Depto. Puno, south 
of Pena, Way 26, 1954, 4,000 m, Monheirs M37 (US); Monte Vllugo, IŒ 
of Chacayani, March 31, 1957, Salaverry 596 (US); Checayarii, NE of 
Azangaro, March 27,1957, Salaverrry 448 (US). Depto. Apurimac, Prov. 
Andahuaylas, desvio a Iluancarania, June 21,1956, 3,500 a, 0^ Nunez 5710 
(US); Depto. Apurimac, Prov. Abancay, June 21, 1956, 3,500 m, no 
collector name (US). 
Discussion 
Calamagrostis amoena is characterized by its filiform leaves, 
with a layer of continuous sclerenchyma on the abaxial surface, adaxial 
sclerenchyma absent and five vascular bundles. 
3. Calamagrostis cleefii Escalona, sp. nov. (Figs. Ig, 23, 
63, 68). Type; COLOMBIA; Meta, Paramo de Sumapaz, en el lado 
oeste del superparamo, 4,100 m, Nov. 13, 1973, Antoine Cleef, 7768 
(Holotype, US 2785746). 
Perennis. Culmi; erecti, caespitosi, glabri, innovationibus 
intravaginalibus, 10-25 cm alti. Vaginae ; 1-2 cm longae, glabrae. 
Ligula; brevis, 0.5 mm longa, membranacea. Laminae; convolutae, 
2-2 cm longae, acute, 1 mm latae, adaxiali minute scabridae. Panicula 
laxa 3-6 cm longa, 0.5-1 cm lata, ramis verticillis. Spiculae 
4 mm longae, laterali complanatus, flosculis, 3 mm longis, pedicellis 
glabris. Glumae: 2; subaquales, flavo-purpurascentes, glabrae. 
Glumis 1, 3-nervatus, 4 mm longus; glumis II, quintuplinervata, 4.5 mm 
Fig. 62. Calamasrostis amoeaa 
a. Complete plant. Bar = 1.6 cm Bang 805 (Type) 
b. Glumes and lemma- stipe. Bar " 1.48 mm Escalona 
and Solomon 545 
c. Floret. Bar = 1.25 mm Escalona and Solomon 545 
d. Ovary. Bar « 2 mm Anthers. Bar = 1.68 mm. Escalona 
and Solomon 545 
e. Leaf blade cross-section. Bar = 5.5 mm Lara et al. 
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longa. Lemma; 2.2-2.6 mm longum, scabrum, qwater dentatum, hyallnum. 
Arista; 5 mm longa, supra basin Inserta, exserta, contorta. Calll pill; 
densl 3-3.5 mm longl,'excedentes ex lemmate. Lemma; stipes o.2 mm longls. 
Palea: 2 mm longa, hyallna, 2-nervlata, blcarlnata, carina scabra. 
Ovarium; ovatum, flavum, 1 mm longo. Antherae; 3, 1 mm longae, ovatae 
flavae. Caryopsls; oblonga teres-brunnea, scutello per tertlam partem 
caryopsls aequantl, endospermae farlnaceae. 
Perennial. Culms; caespltose, glabrous, 10-25 cm tall, erect with 
Intravaglnal Innovations. Sheaths; 1-2 cm long. Ligules; short (0.50 
mm) and membranaceous. Blades; convolute 2-5 cm long, 1 mm wide, 
tapering to a point; adaxlal surface glabrous. Panicle; peduncle 6-11 cm 
long, lax, 3-6 cm long, 0.5-1 cm wide, with vertlclllate Branching; 
spikelets laterally compressed, 4 mm long pedicel glabrous, floret 3 mm 
long. Glumes; 2, sub-equal, yellow-purpuraceous, glabrous, glume I, 3-
nerved, 4 mm long; glume II, 5-nerved, 4.5 mm long. Lemma; scabrous, 
four-toothed, hyaline, 2.2-2.6 mm long. Awn: basal, exerted, scabrous, 
twisted at the base. Callus ; short cuneate densely hairy, hairs unequal, 
distributed all around the callus, 2.3-3.5 mm long, the longest ones 
exceeding the lemma. Lemma stipe ; 0.2 mm long, raising the floret. 
Palea; 2 mm long, hyaline, 2-nerved, bikeeled (keel scabrous). Rachllla 
extension; 2 mm long, hairy from base to apex, guetting short at the apex. 
Stamens ; 3; anthers yellow, 1.5 mm long. Ovary; ovate, yellow 1 mm long. 
Lodicules; 2, hyaline. Caryopsls; oblongo-terete, brown, 1.25 mm long, 
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scutellum 1/3 as long as the caryopsis, endosperm soft. 
Mlcrocharacters 
Leaf blade ; U-shaped in outline, infolded from both sides of the 
blade. Adaxlal ribs and furrows; six flat, scabrous-topped ribs and 
five deep and narrow furrows, with the sides almost vertical. 
Medial vascular bundle ; the leaf infold divides the blade into 
two asymmetrical halves. Vascular bundle arrangement ; two first 
order vascular and four second order, located close to the abaxial 
epidermis, the first order are circular, with the phloem surrounded 
by thick-walled fibers, protoxylem and metaxylem vessels present. 
Bundle sheaths; the inner sheath complete, surrounding all vascular 
bundles, with thicker cells on the abaxial surface; the outer sheath 
surrounding the inner one, with thin-walled cells. Sclerenchyma; 
adaxial, absent; in the abaxial surface the epidermal cells become 
thick, below each first order vascular bundle (1-2 cells thick; 3-5 
cells long), sclerenchyma between vascular bundles, absent in the leaf 
margin, as on the abaxial surface. Mesophyll; irregular cells of 
different size and shape, tightly packed. Epidermal cells; 
abaxial outer tangential wall of individual cells, thickened and 
covered by a distinct, continuous thick cuticle; adaxial; very thin-
walled cells with prickles, over the ridges or units. Prickles; on 
the adaxial epidermis, opposite to the vascular bundles. Silica bodies 
horizontally elongate. Blooming; November-February. Habitat and 
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distribution; wet places of the superparamo in Colombia. The major 
limitation in considering this species is the lack of a representative 
number of specimens. Only one specimen was observed, the type. However, 
even though the limited material examined, the individual observed show 
characters that differ from the other Calamagrostis species inhabiting the 
same or surrounding areas. This species resembles Calamagrostis pisinna 
but differ in its number of vascular bundles shows in the leaf blade cross 
section (6) and reduced sclerenchyma. It is obvious that Calamagrostis 
cleef11 needs further collection of specimens in the area were it was 
collected and in similar environmental conditions. This species Isn 
subject to revision, but in this study it is considered as specie, until 
further information will reject or agree the decision. 
Calamagrostis cleefil is characterized by infolded leaves, and a two-
keeled scabrous palea. The leaf cross-section shows six furrows and seven 
ridges, vascular bundles with two well-distinguished bundle sheaths, the 
inner with half of each cell thickened. This species grows in tufts in 
boggy places of the superparamo, 4,100 m in Colombia. 
4. Calamagrostis guamanensls Escalona sp. nov. (Figs, lb, 
41, 50, 47, 48, 64, 68). 
Type; ECUADOR: Prov. Napo, Road Quito-Baeza at the telecomunlcation 
antenna, north of the Guamani paramo. In the oriental Andes. Grass 
forming loose tufts in cushion plants of Dlstichla muscoldes, 4,260 m 
Fig. 63. Calamagroatis cleefii 
a. Plant. Bar = 1. cm 
b. Glumes and lemma stipe. Bar = 1.62 mm 
c. Floret. Bar » 2 mm 
d. Ovary and anthers. Bars = 1 mm 
e. Leaf blade cross section. Bar = 1 mm 
Based on Cleef 7768 

137 
(7809" W 0 17" S), March 3, 1985, Escalona and Gallegos 390 
(Holotype ISC, Isotypes US, VEN, QCA). 
Gramen, perenne. Culnl; teretes, erecti, innovationibus 
intravaginalibus, 6-15 cm alti. Vaginae ; aperta, 2-5 cm longae, 
fibrosae, glaberae, albidae, glaucae. Ligula; brevis, truncata, 
glabra 1 mm longa. Folia; plicata, Inflata basin versus, 2-8 cm 
longa, 2-3 cm lata, abazlal glabrae, scabra marginate. 
Inflorescentia; panicula aperta laxa, 5-8 cm longa, 1-2 cm 
lata, rachis glabra, pf.dunculus folia excedens (7-14 cm longus). 
Spicula: laterali complanata 4 mm longus, pedicellis 
glaberrimis. Glumae; 2; 4-5 mm longae, triplinerviata, apiculatae, 
purpurata. Lemma; 2.5-3 mm longum, 4-dentatum incisura. Arista : 
recta-flexuosa, aristae incisura exoriens, scaberula, 7-8 mm longa. 
Calll: breves aequaliter pllosl ad lemma dlmldlum attlngens. Lemma 
stipes; capitulatis, 1 mm longis. Antherae; 3, nunc purpuratae 
nunc flavae, 1 mm longae. Ovarium; ovatum, flavum, 1 mm longum. 
Rachilla extension; 2 mm longa, capitata e basi dense pilose excedens, 
pilis 2 mm longis. Palea; hyalina, 2 mm longa, carina scabrosa. 
Caryopsis; ovata, nunc recta, endospermum liquidum. 
Perennial, Culms : growing in loose tufts among the cushion 
plants, 6-15 cm tall, erect with intravaginal innovations. 
Sheaths; open, fibrous, 2-5 mm long, glossy-white. Ligules; short, 
truncate, membranaceous, 1 mm long. Blades : folded, medial vascular 
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bundle distinguishable, swollen blade-sheath junction, 2-8 cm long, 2-
3 nun wide; abaxial surface glabrous, with margin scabrous. 
Inflorescence; an open loose panicle, 5-8 cm long, 1^2 cm wide, rachis 
glabrous, peduncle exceeding the leaves, 7-14 cm long. Spikelets; 
laterally compressed, 4 mm long, pedicels glabrous. Glumes ; 2; 4-5 mm 
long, 3-nerved, purple at the apex; Lemma; 2.5-3 mm long, (split half 
way at the keel), scabrous, 4-toothed. Awn; straight or curved, arising 
from the lemma notch, scabrous, 7-9 mm long. Callus ; short, cuneate, 
evenly hairy, half as long as the lemma. Lemma stipe; capitate, I mm 
long. Stamens; 3; anthers 1 mm long, purple. Ovary; ovate and 
yellow, 1 mm long. Lodicules; 2, hyaline. Rachilla extension; 
capitate, 1.5 mm long, densely hairy from the base, terminal hairs 
exceeding the floret (2 mm long), reducing their size through the 
rachilla apex. Palea; hyaline, 2 mm long, scabrous in the keel. 
Caryopsis; ovate, embryo straight, endosperm liquid. 
Microcharacters 
Blades; outline V-shaped, not permanent infolded. Adaxial ribs 
and furrows ; ribs 11, square flat-topped, angled sides, over all 
vascular bundles, furrows ten, narrow, with sides almost vertical and 
base fairly broad. Stomata; sunken in the furrows. Medial vascular 
bundle; distinguishable from the rest by size and position, sclerenchyma 
girder interrupting the outer vascular bundle sheath on the adaxial surface 
and strand of sclerenchyma on the abaxial surface, protoxylem and metaxylem 
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present. Vascular bundle arrangement ; 5 first order, 3 second order and 
2 third order, the ribs over first and second order vascular bundles have 
flat tops, and those over 3rd order are triangular. All vascular bundles 
are located closer to the abaxial surface. Vascular bundle sheath; first 
and second order vascular bundles have inner sheath complete with cell 
walls thicker on the abaxial surface, outer sheath complete, third order 
vascular bundle with complete inner sheath but incomplete outer sheath. 
Sclerenchyma; adaxial, represented by very small girders, usually 
not altering the epidermal cells; abaxial, represented by well-developed 
wider than deep straight horizontal strands; sclerenchyma between vascular 
bundles absent;, in the leaf margin as a pointed cap (2-3 cells thick). 
Mesophyll; chlorenchyma with horizontal arrangement in the mesophyll, 
U-shaped between successive vascular bundles located at the base and 
sides of the.furrows. Epidermal cells; abaxial epidermal cells with 
outer tangential wall thickened individually and outer wall slightly and 
outer wall slightly thickened smooth surface. Prickles : located between 
typical epidermal cells on the sides of the furrows. Silica cells; 
elongated, up to 1 mm long with sinuous edges and concave surface, located 
over the ribs on the adaxial surface. Blooming; October-March. Habitat 
and distribution; forming loose tufts in the cushions of Distichia 
muscoides and Plantago sp., endemic of Guamani paramo in Ecuador, (4,100-
4,200 m). Other specimens examined ; ECUADOR: Prov. Napo, Road Quito-
Baeza (paramo de Guamani, 4,260 m, 78 09 WO 17 S). ct. 11, 1976, ^  
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Ollgaard & 11^ Balslev 10111 (MO, FM). Road Quito-Baeza, (paramo de 
Guamani), 4,260 m, 78 09" WO 17" S), Nov, 1978, 4,000 m, Simon Laegaard 
53,861 (AAU). Prov: Ibarra. Dpt. Imbabura, May 9, 1954; 4,600 m. Rauh 
and Hlrsh E153 (US). 
Calamagrostls guamanensls form loose tufts in cushions of Distichla 
muscoides and Plantago, endemic to Guamani paramo in Ecuador. C. 
guamanensls is characterized by a swollen sheath-blade junction; well-
distinct leaf venation pattern, fibrous sheath; leaf in cross-section 
outline V-shaped, 11 vascular bundles; inflorescence a drooping panicle. 
All the analyses (numerical and cladistic) revealed this species as new, 
no species presenting these features has been described for Ecuador. It 
resembles Calamagrostis ramonae, another new species found for Venezuela. 
5. Calamagrostis mollis Pilger, Bot. Jahrb. 42:61. 1908. 
(Figs. Ih, 35, 44, 65, 68 ). 
Type; ECUADOR: in monte Chimborazo, Hans Meyer 148 (Fragment US 
3049482). 
Perennial, caespitose. Culms : erect, 5-30 cm tall. Sheaths ; 
pubescent or glabrous. Ligules : truncate, serrulate, 1.5 mm long. 
Blades: involute V-shaped, subacute, short, tomentose, 3-8 cm long, 3 
mm wide. Panicle: cylindric, sometimes discontinuous, dense, soft, 
green, violaceous, 4-14 cm long; 1-2 cm wide. Spikelets: green-
violaceous, 4-5 mm long; pedicel hairy. Glumes : 2; 4-4.5 mm 
long, unequal, midnerve scabrous, first 1-nerved, 7 mm long, 
Fig. 64. Calamagrostis guamanensis 
a. Plant. Bar = 1.4 cm. Laegaard 54508 
al. Swollen junction between leaf blade and sheath. Bar 
= 1 cm Escalona et al. E390. 
b. Glumes and lemma stipe. Bar = 4 mm. Ollgaard et 
al. 10111 
c. Floret. Bar = 3 mm. Ollgaard 10111 
d. Ovary and anthers. Bars = 3 mm. Ollgaard et al 10111 
e. Leaf blade cross-section. Bar = 5.6 mm. Escalona et 
al. E390 
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second ovate-acuminate, 6 mm long, purple with transparent margins 
Lemma; elliptic, scaborus, 4-nerved, 4-5 mm long, setae 4 slender. Awn 
medial, bent inward, twisted at the base, 6.5-7 mm long. Callus : 
elongate, with hairs reaching 0.5- 1.5 mm long. Lemma stipe; 0.5-2 mm 
long. Palea: hyaline, two-keeled, mostly glabrous on the keel or 
sparselly scabrous, elliptic, 1.5-2.5 mm long. Rachilla; up to 2 mm 
long sparsely villous, with hairs 1-3 mm long. Ovary ; ovoid, 1-1.5 mm 
long, with branched stigmas. Stamens ; 3; anthers short, 0.5 mm long. 
Caryopsis; 1-1.5 mm, ovoid, with soft endosperm. 
Microcharacters 
Leaf blades ; outline U-shape, involute. Adaxial ribs 
and furrows ; ribs 11, with round tops, U-shaped ten furrows with 
bulllform cells on the base and stomata on the sides; abaxial surface 
tomentose. Medial vascualar bundle ; distinguishable from primary 
vascular bundles by the medial position and size, not projected 
abaxially. Vascular bundle arrangement ; vascular bundles 13, 
3 first order, 5 second order, and 5 third order; the first order 
centrally located and the second and third order rather close 
to the abaxial surface. Mesophyll; chlorenchyma composed of regular 
isodiametric cells, tightly packed, occupying the major or entire 
area between the adaxial and abaxial epidermis, horizontally 
arranged between successive vascular bundles. Bundle 
sheaths; the inner well-developed with interior thick cell 
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walls, well-developed outer sheath, interrupted by abaxial and 
adaxial sclerenchyma girders in first order vascular bundles. 
Sclerenchyma; abaxial girders fused forming a hypodernial band and 
girders associated with the first order vascular bundles on the 
adaxial surface; leaf margin exhibited as a crescent-shaped cape, 
extending shortly along both abaxial and adaxial side of the leaf. 
Epidermal cells ; epidermal cell walls slightly thickened or with thin 
cuticle. Macrohairs; distributed above the ribs on the adxial surface 
and on the whole abaxial surface, yery long thick, stiff hairs embedded 
in normal epidermal cells, with bulbous base and thick and stiff. 
Silica bodies: horizontally elongate. Blooming; April-September. 
Habitat and distribution; growing at high altitude (4,000 m), in the 
grass paramos of Ecuador and Peru. Other specimens observed; BOLIVIA; 
(First report) Dept. La Paz, Prov. Murillo, 9.5 Km north of La Paz 
(El Alto), Tiquina road, April 25, 1985, 4,300 m, Escalona et al. 
B537 (ISC, US, VEN, HNB); 5.5 Km north of Milluni on the road to Zongo 
Valley, April 25, 1985, 4,700 m, Escalona et al. B565 (ISC, US, VEN, 
HNB). ECUADOR: Prov. Chimborazo, Mount Chimborazo, southern side, 
4,300 m, ^  Reimbah 97 (US); Prov. Chimborazo y Bolivar paramo de Tililac, 
Cordillera Occidental, August 6, 1945, 3,990 m, ^  Acosta-Solis 10856 
(US); Prov. Chimborazo, southern slope of Mount Chimborazo in sandy soil, 
August 10, 1939, 4,600 m, ^  Asplund 8,400 (US); Prov. Cotopaxi, 
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Cordillera Occidental, paramo de Zapagua, open paramo on westernmost 
high ridge nearby an Indian village, 4,200 m, Barclay and P. 
Juajiboy 8,090 (US); Province Cotopaxi, Cordillera Occidental, Paramo de 
Apagua entre Zumbagua y Pilalo, July 18, 1959, 4,200 m, Barclay and 
P. Juajiboy 8091 (MO); Prov. Cotopaxi; Cordillera Occidental, entre 
Angamaca y Zumbagua, paramo de Milu, July 15, 1959, 3,860 m, Barclay 
Y P. Juajibioy 8014 (US) Prov. Chimborazo, southern slope of Mount 
Chimborazo, August 18, 1839, 4,250 m^  ^  Asplund 8410 (K). PERU: 
Depto. Huancavelica: Prov. Castrovirreina, Lichlococha, in rocky 
places. May 2, 1958, 4,500 m, 0^  Tovar 2835 (US). 
Discussion 
C. mollis is characterized by long hairs covering both leaf 
surfaces and extended to the sheath. Sodiro (1930) described this 
species as endemic to Ecuador, but it was collected in Peru by Tovar 
and in Bolivia by Escalona. The leaf blade cross-section exhibits three 
first-order vascular bundles with adaxial and abaxial girders. There is 
no midrib, but the leaf infold occurs at the medial first-order vascular 
bundle, which is larger than the other primary vascular bundles. 
6. Calamgrostis curta (Wedd.) Hitchc., Contrib. U.S. Nat. Herb. 
24:376. 1927. 
Deyeuxia curta Wedd., Bull. Soc. Bot. France. 22:176-179. 1875. 
(Figs. Ik, 27, 37, 66, 68). 
Fig. 65. Calamagrostis mollis 
a. Plant with leaves and inflorescence. 
Bar" 1.5 cm. Escalona et al. E465 
b. Glumes and lemma stipe. 
Bar • 1.8 mm. Escalona et al. E425 
c. Floret. Bar "2.5 mm. Escalona et al. E425 
d. Ovary. Bar " 1.34 mm. Anthers. Bar "0.5 mm. Escalona 
et al. E425 
e. Leaf blade cross section. Bar "5.3 mm. Asplund 8400 
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Type; BOLIVIA: Larecaja, Vicinity of Sorata, Mandon 1316, 
4,200 m (Holotype, K 974/85; Isotype, US 81866). 
Perennial, dwarf caespitose. Culms ; erect, 3-15 cm tall. Sheath; 
glabrous, striate. Blades; glabrous, in the abaxial surface, 
scabrid on the adaxial surface, conduplicate, rigid, to 2.5 cm long, 
1 mm wide obtuse, blades setaceous, short, stiff in a dense basal 
cluster. Ligules; membranaceous, with ciliate edges, 0.3-0.5 mm long. 
Panicles; short, dense, ovate, purple-green 1-2 cm long, 0.5-1 cm wide, 
with pubescent branchlets and pedicels. Spikelets; 6 mm long. Glumes; 
2, glabrous, 6 mm long, carina ciliate, and upper portion scabrid, central 
part purple, edges green. Lemma ; 3-4 mm long with 4-toothed apex, 
scabrous, purple. Awn; twisted below, upper part undulate and bent 
inward, 4-5 mm long, suprabasal. Callus ; round, 0.5 mm long, hairs short 
distributed in three tufts 0.5-1 mm long. Lemma stipe ; 0.5 mm long. 
Palea; hyaline 2-2.5 mm long, keel scabrous. Rachilla extension; 1-1.9 
mm long, villous, the lower hairs 1 mm long and the upper ones 2 mm. 
Ovary; 0.5 mm long stigma plumose. Lodicules; triangular, hyaline. 
Stamens; 3; anthers ovate, 1 mm long. Caryopsis; ovate, witl. semi-
liquid endosperm. 
Microcharacters 
Blades; outline V-shaped, not permanently inrolled, two halves of 
the lamina folded inward each other on either side ofthe midrib, forming 
a broad open angle between 45° and 90°; Adaxial ribs and furrows; 
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nine adaxlal ribs over the vascular bundles, triangular, with prickles 
at the top in cross-section; 8 U-shaped furrows with wide base, between 
the vascular bundles. Medial vascular bundle ; corresponding to 
the leaf fold, distinguishable from the first order by size and thick 
sclerenchyma anchor-shaped girder (2-3 cells thick) interrupting the 
cells of the outer vascular bundle sheath, on the abaxial surface. 
Vascular bundle arrangement ; 4-first-order vascular bundles alternating 
with 5-second-order, 2-third-order bundles at the leaf margin; the medial 
vascular bundle close to the abaxial surface, the rest in the center 
of the ribs; the medial elliptical, the others rounded. There is an 
asymmetric distribution of the vascular bundles. Sclerenchyma; 
adaxial, as minute strands consisting of only a few cells not connected 
to the vascular bundles; abaxial, minute strands, (2-3 cells thick), not 
in contact with the vascular bundle sheath; separated by parenchyma or 
mesophyll; between bundles, absent; leaf margin, as a narrow cap. 
Epidermal cells : abaxial, with outer tangential cell wall thickened and 
covered by a distinct, thick cuticle continuous over the epidermal 
cells; adaxial, outer cell wall not thickened but with a very thin 
cuticle. Prickles; small hooks on the top of the furrows. Silica 
bodies : horizontally elongate. Blooming; February-April. 
Distribution and habitat; humid lagoon edges or rocky slopes at 
high altitude, collected only in Bolivia. Uses; (author's 
observation) this species is eaten by alpacas, vicunas, lianas, and 
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sheep. Other specimens examined : BOLIVIA: La Paz, Mur1Ho, On the road 
to Las Yungas, 3 km from La Cumbre, 4,730 m. Growing In humid lagoon 
edges, Beck 8796 (HNB); La Cumbre 16 Km, northeast La Paz, from 
puesto de translto Chuguiasguillo, March 8, 1934, 4,640 m, J. 
So omon et al. 11654 (MO); Zongo Valley, March 16, 1982, 4,680 m, 
T. Feuerer 10,664a (K); La Cumbre, 4,780 m, ^  Escalona and C. 
Ostrla B619 (ISC, US, HNB, VEN). Prov. Omasuyos Hlchucota Valley, 
Feb. 18, 1980, 5,000 m, ^  Solomon 49464 (MO). 
Discussion 
This species is endemic to Bolivia. It is dwarf with dark 
purple-green inflorescences and short leaves having 8-9 vascular 
bundles. The outer vascular bundle sheath covers the top half part of 
the vascular bundles. 
7. Calamagrostis ligulata (H.B.K) Hitchc., Contrib. U.S. Nat. 
Herb. 24:372. 1927. 
Calamagrostis podophora Pilger, Bot. Jahrb. 42:66. 1908. 
Deyeuxia ligulata H.B.K, Nov. Gen. and Sp. 1:145. 1816. 
Deyeuxia podophora (Pilger) Sodiro, Rev. Col. Nac. Vic. Rocafuerte. 
11:79. 1930. (Figs. Id, 39, 67, 68). 
Type; ECUADOR: Provincia Pichincha, Humboldt and Kunth 
60 (Fragment Type US 3049486). 
Perennial, caespitose. Culms : erect, 40-60 cm tall, glabrous. 
Fig. 66. Calamagrostls curta 
a. Plant. Bar = 2 cm. Feuerer 10664a 
b. Glumes and lemma stipe. Bar = 1.33 mm. 
Beck 8796 
c. Floret. Bar = 2 mm. Beck 8796 
d. Ovary and anthers. Bars = 1.5 mm. Beck 8796 
e. Leaf blade cross-section. Bar = 1 mm. 
Solomon et al. 11654 
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Sheaths ; with auricles, glabrous, hyaline at the submit. Ligules; 
ribbon-like, filiform, membranaceous, 10-15 mm long. Blades; glabrous, 
firm, not permanently involute. Panicle : narrow open flexuOus, purple 
19-15 cm long, branches ascending without basal spikelets. Spikelets: 
4-6 mm long, pedicels glabrous, shorter than the spikelet. Glumes : 
equal or subequal, 4-5 mm long, purple, acute or subacute, scabridulous 
at the apex. Lemma; 3-4 mm long, 5-nerved, unequally 4-toothed, 
glabrous, membranaceous. Awn; 2-5.5 long, straight, suprabasal, 
exceeding the lemma. Callus ; elongated, with dense curled or 
straight hairs, very soft, 2-2.5 mm long distributed around the callus. 
Lemma stipe; 0.2-4 mm long. Palea; 2-3 mm long, hyaline, glabrous, 
two keeled, keel glabrous to sligthly scabrous membranaceous. 
Rachilla: 2-2.5 mm long, pubescent along the axis with hairs 
1-4 mm long. Ovary; elongate 1-3 mm long. Lodicules; hyaline, 
trilobed. Stamens; 3 anthers 1.5-2 mm long, filaments long. 
Caryopsis: elongated, 2-3 mm long, solid endosperm. 
Microcharacters 
Leaf blade; outline U-shaped, to broadly curved when expanded. 
Adaxial ribs and furrows ; obtuse ribs over the vascular bundles and deep 
V-shaped furrows between all vascular bundles. Stomata; sunkeen. 
Abaxial surface; smooth. Medial vascular bundle : not distinguishable. 
Vascular bundle arrangement : 6 first order, and 2 second order, located 
close to the abaxial surface. Bundle sheah; well-developed 
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inner sheath with thick inner cell walls; Sclerenchyma; adaxial, minute 
strands (1-2 cells thick) not in contact with the vascular bundle sheath, 
separated by taesophyll; abaxial as small strands with epidermal cells 
beneath; between vascular bundles strands (1-2 layers thick); leaf margin 
sclerenchyiua as a cap (5 cells thick). Epidermal cells; outer cell wall 
thickened and covered by a distinct, thick cuticle continuous over the 
epidermal cells, on the adaxial surface with very thin cuticle Mesophyll; 
parenchyma with thick cell walls filling up almost the entire ridges 
beginning at both sides of all vascular bundles extending to the adaxial 
surface. Prickles; small prickles, not bulbous based, located at the 
top of the ribs. Silica bodies; horizontally elongate. Habitat and 
distribution; paramo bunch grass in boggy places, sometimes growingn 
protected places, occasionally in moss and cushion areas, in the paramos 
of Venezuela, Colombia, Ecuador, Peru, and Bolivia (3,000-4,800 m), 
grazed by sheep, llamas, and rabbits. 
Other specimens examined : COLOMBIA: Arauca, Sierra Nevada del Cocuy, 
cabeceras de la quebrada El Playon, 2.5 Km al sur del Alto La Plaza, 
4,360 m, 3/9/73, ^  Cleef, 3996 (US); Boyaca, Cordillera Oriental, 
Sierra Nevada del Cocuy, Alto Ritacuva, April 11, 1929, 4,550 
m, 4/29/59, Barclay y ^  Juajibuy, 7486 (MO); Boyaca, 
Sierra Nevada del Cocuy, quebrada Bocatoma, 4,310 m, 4/10/72, ^  M. 
Cleef and ^  Florschutz, 5793 (US); Boyaca, Sierra Nevada 
del Cocuy, Alto Valle Lagunillas, 1 km al norte de la Laguna Pintada, 
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3,960 m, 9/27/72, ^  Cleef and Fiorschutz 5,596 (US); Boyaca, 
Sierra Nevada del Cocuy, Paramo Concavo, 3 km al norte del Morro Pulpito 
del Diablo 4,385 m, 2/27/73, ^  ^ Cleef 8,756 (US); Caldas, Paramo 
del Quindio, Cordillera Central, 4,200 m, 8/20/22, ^  ^ Pennell 
and ^  Hazen 9,949 (GH); Caldas, superparamo Arenales del Ruiz, 3 Km 
al norte del cono volcanico de la Olleta, 4,200 m, 10/14/72, ^  Cleef 
and P^  Fiorschutz, 5,982 (US); Caldas, finca El Bosque, Cordillera 
Occidental, west of Darien, 2,000 m, 2/2/44, ^  Core 254a (US); 
Caldas, Tolima, Cordillera Central, Nevado del Ruiz, paramo entre 
Termales y Nevado Libano, Dec. 20, 1958, 4,050 m, Barclay et al. 6422 
(MO, US). Meta, paramo de Sumapaz, superparamo, pico del Nevado de 
Sumapaz, suelo calizo, Jan. 11, 1973, 4,250 m, ^  Cleef 7621 (US 2785675). 
ECUADOR; Carchi, Paramo 12 miles west of Tulcan, 3,300 u, 8/10/113, 3,300 
Az. Hitchcock 20,914 (GH). Prov. Cotopaxi, near origin of Rio Langoa, 
east of Latacunga (laguna Salayanbococha), Sept. 30, 1976, 4,050 n, 
B. Ollgaard and H. Balslev 9895 (MO, F) Prov. Napo: Pastaza, alrededores 
de la Cordillera de Los Llanganata, Chihuila Sache Ainchilibi, Aug. 25, 
1959, 3,700 m, Barclay 9055 (MO); Prov. Napo, road Quito-Baeza, 1 Km 
along the take-off road to telecommunication antenna in the paramo of 
Guamani, Oct. 7, 1976, 4,050 m B^  Ollgaard and Balslev 10019 
(MO, F). Pichincha, montis Javerae regni Quitensis, 1833, 3,300 m, 
IL. Èi ÉÊ (US); Pichincha, road to Quito, Papallacta, Paramo 
de Guamani, 6/5/73, 4,300 m, ^  Holmen-Nielsen, 6,994 (MO). PERU: 
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Dept. Huanuco: Prov. Dos de Mayo; Cordillera Real, May 18, 1921, 
4,600 m, Rauh and Hirsh 1867 (US) 7/18/1954, 4,600 m, Depto. Junin: 
Hacienda Runatullu, Sept. 19, 1914, 4,500 m, ^  Weberbauer 6622 
(F); Cerro de Pazco, Nov. 1, 1923, 4,200 m, ^  Hitchcock 22250 
(US). Depto. Puno: west of Llave, July 2, 1946, 3,900 in, 0^  and 
A. Pearson 11 (US). VENEZUELA; Merida, laguna Mucubaji, 9/9/58, 
3,900 m, Vareschi 7037 (VEN); alrededor de la Laguna Negra, paramo 
de Mucuchies, 3,800 m, 11/25/43, ^  Luces 270 (VEN); Laguna de los 
Patos, 9/15/56, 3,700 m, Aristeguieta 2456 (VEN, US). 
Discussion 
Calamagrostis ligulata resembles Calamagrostis aurea, but 
differs by bearing a well-developed membranaceous ribbon-like bifid, 
ligule (10-15 mm long), twisted callus hairs, reduced sclerenchyma, 
represented by small strands in the adaxial'and abaxial surface. 
Calamagrostis ligulata is distributed from Venezuela to Bolivia while 
Calamagrostis aurea is limited to Ecuador and Peru. 
8. Calamgrostis Chaseae Luces, Bol. Soc. Venezolana Ciencias 
Nat. 80:6. 1953. (Figs. 11, 15, 35, 43, 49, 50, 69, 68) 
Type; VENEZUELA. Merida, Mucuchies, paramo de Misanta, Nov. 27, 1943, 
4,000 m, Z^  Luces, 292 (Type VEN 22872; Topotype VEN 22871; 
fragment type MO 3116519). 
Perennial. Culms ; erect, glabrous, shining, 70- 75 cm tall. 
Sheaths ; scabrous, imbricate, basal ones narrow and short. Ligules : 
Fig. 67. Calamagrostis ligulata 
a. Plant with leaves and inflorescence. Bar = 1 cm 
b. Glumes and lemma stipe. Bar = 1.2 mm 
c. Floret. Bar " 1 mm 
d. Ovary and anthers. Bar = 1 mm 
c. Leaf blade cross section. Bar = 1.3 mm 
Based on Ollgaard 100772 
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acute, hyaline, membranaceous, 2-3.5 mm long. Blades ; firm, scabrous 
setaceous, convolute, 6-14 cm long, 1-1.5 mm wide. Panicle: dense, 
cylindric discontinuous, 10-16 cm long, 1-11.5 cm wide. Spikelets; 
pedicels glabrous, 5-5.5 mm long; Glumes; 2; equal or unequal, acute, 
purple 3-nerved, medial nerve scabrous, 4-5 mm long. Lemma ; thin, 
scabrous, 2-dentate, 3.7-5 mm long. Awn; medial, exserted, twisted, 
geniculate, scabrous, 5 .am long. Palea; 2-3 mm long hyaline, 
membranaceous, carina scabrous. Rachilla; glabrous or with few hairs, 
1.5 mm long. Callus ; glabrous. Lemma stipe ; 0.2 mm long. Ovary; 
elongate, 2-3 mm long, with highly ramified stigmas. Stamens; 3, 
anthers linear, 1.5 mm long, filament 1 mm long. Caryopsis; 
elongate, 3 mm long with semiliquid to liquid endosperm. 
Microcharacters 
Leaf blade ; convolute, inrolled, asymmetrical, the inner inrolled 
part longer that the exterior. Adaxial ribs and furrows ; 14-17 ribs, 
the small ones triangular and the larger ones square with flat top, 
filled with thick-walled parenchyma cells, ribs 17, furrows 16 U-shaped 
furrows between vascular bundles, bearing stomata on the sides and 
bulliform cells at their base. Abaxial ribs and furrows : not present. 
Medial vascular bundle ; visible in cross-section, the leaf fold but 
midrib not projectionin^  abaxially. Vascular bundle arrangement; ten 
first-order and seven second order vascular bundles alternating, located 
at the middle of the mesophyll. Vascular bundle sheath; the inner 
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sheath well-developed with- very thick-walled cells, the outer sheath 
not conspicuous or interrupted by sclerenchyma girders. Sclerenchyma; 
the adaxial well-developed, wider than deep girders arched following the 
shape of the adaxial ribs or well-developed ribs Inversely anchor-shaped; 
more than trl-seriate; abaxlal exhibited as continuous subepidermal band, 
with girders extending to the vascular bundles; between bundles, 
hypodermal abaxlal continuous layers (2-4 cells thick) with extended 
girder to the bundles; leaf margin, hood-shaped with fibers extending 
along the adaxial side of the leaf. Silica bodies; horizontally elongate. 
Blooming ; May-September. Habitat and distribution; around lagoons in 
the paramos of Venezuela. Other specimens examined; VENEZUELA.; MerIda. 
Parque Naclonal Sierra Nevada, Paramo de Mucubaji, Nov. 10, 1980; 3,600 
Benito Brlceno, 229 (ULA); Merlda. Paramo Pledras Blancas, via Pinango, 
Junlo 25, 1982;•4,050-4150 m, Benito Brlceno 599 (ULA). 
Discussion 
Calamagrostis chaseae is distinguished by the glabrous callus, 
and short cyljLndric discontinuous panicle. The sclerenchyma is 
represented by anchor-shaped adaxial girders and continuous layers 
of abaxlal sclerenchyma connected to the vascular bundles by short 
girders. Caryopsis with very soft or liquid endosperm. 
9. Calamagrostls ramonae Escalona, sp. nov. (Figs. Ic, 6, 7, 40, 70, 
71). Type; VENEZUELA. Merlda, near upper limit of paramo around the 
Fig. 69. Calamagrostls chaseae 
a. Complete plant. Bar = 6.6 cm 
b. Glumes and lemma stipe. Bar = 2 mm 
c. Floret. Bar = 1.66 mm 
d. Ovary and stamens. Bar = 1 mm 
e. Leaf blade cross section. Bar = 2 mm 
Based on Luces 292 (Type) 
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small lake between Chachopo and Los Apartaderos near El Agulla, April 
15, 1944, 3,930 n, Steyermark 55903 (Holotype, F 1206466; Isotype US 
1869496). 
Perennls. Gulmi; erecti, caespitosi, innovâtionibus 
intravaginalibus, 30-50 cm alti. Vagina; 8-11 cm longae, fibrosae, 
albidae, scabrae. Ligula; 0.5 mm longa, truncata, hyalina. Lamina; 
planae, inflatus basi versus, 8-19 cm longae, 3-4 mm latae, minute scabrae 
adaxiali, glabrae abaxiali. Panicula; 45-65 cm longa, 1.5 cm lata. 
Spiculae; 4-5 mm longae, pedicellis scabris. Glumae: 3-4 mm longae, 
3-nerviatae, acute vel subacuminate. Lemma; 3.5 min longa, 5-nerviatum. 
scabrum. Arista; 5 mm longa, medio inserta, infrageniculata, contorta, 
flexa intrinsecus. Calli; pili 0.5 mm longi. Lemma stipe; 0.5 
longis, nor capitatis. Palea; 3 mm longa, hyalina, 2-nerviata, 
bicarinata. Stamina; 3, antheris luteis, 1.5 mm longis. Rachilla; 
3 mm longa, pilis 1-2 mm longis, verticillaribus. Ovarium: ovatum 
flavum, 1 mm longum. Lodiculae; 2, hyalinae. Caryopsis; oblongus 
teres, 1 mm long, endospermio mollis. 
Perennial. Culms ; growing iii tufts, 30-50 cm tall. Sheaths; 
8-11 cm long, fibrose, scabrous, white. Ligules ; short, membranaceous, 
0.5 mm long. Blades ; flat, 8-19 cm, 3-4 mm wide, blade-sheath junction 
swollen, glabrous abaxially, minutely scabrous adaxially. Panicle ; lax, 
drooping, 45-65 cm long, 1.5 wide. Spikelets; 4-5 mm long. Glumes ; 
3-4 mm long, 3-nerviae, light green, keel scabrous. Lemma; 3.5 mm long. 
166 
5-nerved, tapering, scabrous. Awn; insertion medial twisted and bent 
inward, 5 mm long. Callus ; elongated, with whorled hairs, 0.5-1 mm long. 
Palea; 3 mm long, scabrous, hyaline, two keeled (scabrous). Rachilla 
extension; 3 mm long with 1-2 mm, whorled hairs. Ovary; ovate 
yellow-brown, 1 mm long. Lodlcules: 2, hyaline. Stamens; 3; anthers 
0.5 mm long. Caryopsis; elongate, 2 mm long, endosperm soft. 
Microcharacters 
Blade ; V-shaped, with open angle more than 90° arms straight, 
symmetrical on either side of the median vascular bundle. Adaxial 
ribs and furrows ; ribs, 11 flat-topped, square, associated with the 
vascular bundles, 10 furrows with almost vertical sides, bases fairly 
broad, located between all vascular bundles. Medial vascular bundle ; 
distinguishable from the other 1st order vascular bundles by medial 
position. Vascular bundle arrangement ; 5, 1st order, associated with 
sclerenchyma girders adaxially and abaxially, 4 second order, associated 
with sclerenchyma strands adaxially and abaxially, 2 third order on the 
leaf margins, associated with sclerenchyma strands; 1st and 2nd order 
alternate, at the same level in the center of the blade. Bundle 
sheath; inner sheath cell wall evenly thickened, the outer sheath 
hardly noticeable. Sclerenchyma; adaxial, inversely anchor-shaped 
(3-5 cells thick); abaxial, very small girders with epidermal 
cells not altered under girders; very small (1-2 cells thick) strands 
below the marginal vascular bundles; between vascular bundles, absent. 
Fig. 70. Calamagrostls ramonae 
a. Plant. Bar = 6.6 cm 
al. Swollen junction between the sheath and the blade 
b. Glumes and lemma stipe. Bar " 1.5 mm 
c. Floret. Bar = 1.7 mm 
d. Ovary and stamens. Bar = 2 mm 
e. Leaf blade cross-section. Bar = 4.3 mm 
Based on Steyermark 55903 
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leaf margin, absent. Epidermal cells; adaxial, thin-walled cells 
associated with bundles and papillae; abaxial, very irregular shaped cells 
thin-walled cells, smooth surface. Mesophyll; irregular; cells of 
different size and shape; often with intercellular air spaces. Prickles ; 
olnted, located between epidermal cells, over the ribs. Silica 
bodies; horizontally elongate. Blooming ; April-December. Habitat 
and distribution; bogs and humid places in the paramos of Venezuela. 
Discussion 
Only two specimens of this species were studied, the Holotype and 
a Isotype, collected by Steyermark in the Andes of Venezuela. It is 
obvious that no sufficient material was studied and more field work is 
needed but even though the lack of information ramonae is segregated 
as a different species from the rest of the group, both in cladlstlc 
and cluster analysis. It is characterized by well-developed rachllla 
extension, equaling the palea, with hairs twisted around, and elongate 
callus with hairs twisted around. In common with guamanensis from 
Ecuador, this species exhibits a swollen blade-sheath junction. 
10. Calamgrostis plsinna Swallen, Contrib. U.S. Natl. Herb. 
29;257. 1949. (Figs. Im, 20, 71, 72). 
Type; VENEZUELA. Merida, El Gavilan peak, in rocky ridges culm 
tufted erect, crowded at the base, Jan. 25, 1929, 4,200 m, H. 
Plttier (Holotype US 1387801). 
Perennial, growing as single plants, not in bunches. Culms ; 
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erect, 10-30 cm tall. Sheaths; glabrous. Ligules; 1-3 mu, truncate, 
hyaline, membranaceous. Blades : short narrow involute to flat, 3.5-9 cm 
long, 2 mm wide, minutely scabrous on the abaxial surface. Panicle ; 
long fairly dense, 7-8 cm long 3-4 cm wide, dark purple, secondary 
pedicels whorled, slender, spreading on fine purple stems, rachis glabrous. 
Spikelets; 3.5-4 mm long, purple. Glumes ; 2; subequal 4 mm long, acute 
or subacuminate, purple, keel scabrous, first glume 1 or weakly 3-nerved, 
the second 3- nerved, dark purple. Lemma; scabrous, 4-dentate, 3.5-7 
mm. Awn; 6-7 mm long, insertion medial, bent loosely twisted below the 
bend, surface scabrous. Callus ; round, with hairs sparsely distributed 
around, 0.7-1 mm long. Lemma stipe; 0.2-0.3 mm long. Palea; hyaline, 
3 mm long, 2-keeled, glabrous on the keel. Rachilla extension; 1.3 mm 
long, densely hairy, hairs 1-2 mm long. Ovaryelongated 2-2.7 ma 
long, infolded. Lodicules; 2, hyaline. Stamens; 3; anthers 1 mm long, 
small. Caryopsis; elongate, 3 ma long, endosperm liquid. 
Microcharacters 
Leaf blades; lamina rolled inwards toward the adaxial surface and 
convolute (inrolled from one margin only); margins wrapped around each 
other, outline round. Adaxial ribs and furrows ; ten rounded obtuse ribs, 
over the vascular bundles, nine deep furrows. Medial vascular bundle : 
midrib is not structurally distinguishable. Vascular bundle arrangement : 
nine with the same position in the central part of the blade, first 
order ovoid and second hexagonal to rouund. Bundle sheaths: inner 
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sheath with thick inner wall suurounding the vascular bundle; the 
outer interrupted abaxially and adaxially by sclerenchyma girders. 
Sclerenchyma; adaxial, girders usually small (2-3 cells thick); 
abaxial, well-developed girders, epidermal cells under girders usually 
small and thickened; sclerenchyma between bundles absent; sclerenchyma 
in the leaf margin, narrow very pointed projection. Epidermal cells; 
outer cell wall not thickened and with a very thin cuticle. Prickles; 
base bulbous, located opposite to vascular bundles on the abaxial 
surface. Silica bodies; horizontally elongate Blooming; July-January. 
Habitat and distribution; in rock crevices near lakes or on rocky 
slopes, 3,600-4,300 m in the Andes of Venezuela. Other specimens 
examined; VENEZUELA. Lara, District Moran, climbing the trail between 
the M.A.C. camp at Buenos Aires and the town of Carache, 3,200-3,350 m, 
C. Burandt and J^  Hambrook, V0401 (MO); Lara, District Moran, paramo 
de Las Rosas, 3,300 m, January 18, 1985, Escalona and J^  Sscalona 
V229. Merida, Parque Sierra Nevada, paramo de Kucubaji, southeast 
entrada del parque, Nov. 10, 1980, 3,600 m, B^ , Briceno et al. 2?.9 
(ULA); Sierra Nevada, paramos alrededores de los picos Bolivar y 
Espejo, December 15, 1959, 4,080 m, Barclay y P^  Juajiboy 10,231 
(MO); Sierra Nevada, alrededor de la laguna de Los Anteojos, below 
Pico Espejo and 3rd teleferico station, December 18, 1959, 3,900 m, 
H. Barclay y P^  Juajibioy, 12259; Sierra Nevada de Santo Domingo, Pico 
de Mucunuqui, al sur de la Laguna Grande (Mucubaji), November 28, 1959, 
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4,300 m, Barclay y Juajlbloy, 9920 (MO); Northwest Sierra Nevada 
de Santo Domingo, Sept. 24, 1952, 4,400 m, Humbert 26376 (US). 
Discussion 
Calamagrostis pisinna is endemic to Venezuela. It is 
characterized by having sac-like, elongated ovaries with liquid endosperm, 
awn originating from a deep dorsal cleft of the lemma, leaf convolute, 
outer vascular bundle sheath interrupted by adaxial and abaxial girders 
of sclerenchyma replacing the epidermal cells in both leaf sides. 
11. Calamagrostis chrysantha (Presl) Steud. Nom. Bot. 1:250. 1840. 
Deyeuxia chrysantha Presl, Rel. Haenk. 1:247. 1830. 
Calamagrostis mutica Steud. in Lechler, Berb. Amer. Austr. 56. 1857. 
nomen mudum. 
Deyeuxia phalaroides Wedd., Bull. Soc. Bot. France. 22:177-180. 1875. 
Deyeuxia leipoda Wedd., Bull. Soc. Bot. France 22:177-180. 1Ô75. 
Stylagrostis leipoda (Wedd.) Mez. Bot. Archiv. 1:20. 1922. 
Stilagrostis chrysantha (Presl) Mez, Bot. Archiv. 1:20. 1922. 
Stylagrostis phalaroides (Wedd.) Mez. Bot. Archiv. 1:20. 1922. 
(Figs, le, 16, 24, 31, 45, 46, 73, 77). 
Common name: "sora" 
Type: BOLIVIA: La Paz, Murillo, on the road to Coroico. 5,000 m, 
Mandon 1319 (Isotypes, MO 2854530; US 863443, 1126796; K H974/85/27). 
Perennial, densely caespitose, rhizome elongate, vertical, 
intravaginal innovations. Culms ; glabrous forming broad clumps, erect. 
Fig. 71. Calamagrostis pisinna 
a. Plant with leaves and inflorescence. 
Bar-i.25 cm Barclay et al. 10231 
b. Glumes and lemma stipe. Bar = 3.5 mm Pittier, 
132771/2 (Type) 
c. Floret. Bar = 3.4 mm Pittier, 132771/2 (Type) 
d. Ovary and anthers. Bar • 4 mm Pittier, 
132771/2 
e. Leaf blade cross-section. Bar = 3 mm Burandt et 
al. V0401. 
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15-70 cm tall. Sheaths; glabrous, inflate, wide. Blades; stiff, erect, 
shatp pointed, pulvinate, involute, setaceous, scabrid, apex pungent, 5-
30 cm long, upper blades reduced, 5-30 cm long. Ligules ; 7-0 ma long, 
membranaceous, ribbon-like, with filiform apex; basal part embracing the 
lamina. Panicle ; golden, cylindric, continuous dense, 2.5-6 cm long, 
long, 1.3-2 cm wide, branches ascending blooming from the base, rachis 
glabrous. Spikelets; 5-7.5 um long, pedicel glabrous. Glumes : narrow-
acuminate or sub-acute, 7-8 mm long; sometimes shortly bidentate at the 
apex, approximately equal length; midrib not prominent; first 3-nerved, 
second 1-nerved. Lemma; 3-4.5 mm long, 2-4 toothed sometimes 
subsetaceous, glaborus. Lemma stipe; 0.3-1 mm, articulation cup-shape. 
Awn; straight, scabrous, suprabasal, 1.5-3 mm long. Callus ; round, 
villous, hairs uniformly distributed around the callus 2-3.5 mm long. 
Palea; 2.5 mm long, linear-lanceolate, hyaline, 2-keeled, lacinate, 
glaborus. Rachilla extension: 1-1.5 mm long, sometimes bearing a 
slender bristle as a rudimentary floret), long hairs distributed on both 
sides of the medial part of the rachilla, 2-4 mm long. Ovary ; ovate 
with short ramifiéd stigmas. Lodicules; 2; nerved, bilobate, hyaline, 
0.6-0.9 mm long. Stamens ; 3; anthers linear, 1.5-2.5 mm long, yellow 
or purpuraceous; filaments 1.5-2 mm long. Caryopsis; ovoid with soft 
endosperm, 1.5-19 ram long, embryo 0.3-06 mm long. 
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Mlcrocharacters 
Leaf blades ; outline U-shaped, two halves of the lamina curved 
inwards on either side of the median furrows, arms rounded or inward 
bowed, forming an incomplete ellipse. Adaxial ribs and furrows ; 
eleven obtuse ribs with rounded apices, over all vascular bundles; 
ten deep narrow furrows with sides almost vertical, base fairly broad 
between all vascular bundles. Medial vascular bundle ; the leaf folds 
on the medial, furrow between two vascular bundles. Vascular bundle 
arrangement : ten first order and two second order all located at the 
center of the mesophyll the first are pyriform with the phloem adjoining 
the inner sheath, protoxylem vessels slightly circular. Sclerenchyma; 
adaxial, well-developed strands. The cells over the strand usually 
small and thick-walled, arching following the shape of the adaxial 
rib; abaxial, exhibited as a continuous subepidermal layer of cells, not 
connected to the vascular bundles (3-4 cells thick); between vascular 
bundles, as a hypodermal continuous layers of cells (3-4 cells thick); 
leaf margin a pointed cape. Papillae: long papillae, narrower than 
epidermal cells, sometimes forked, located at the top of the ribs, 
and on the sides of the furrows, interrupted only by the stomata and 
bulliform cells (4-6 per long and interstomatal cells). Epidermal 
cells: adaxial, thin-walled papillated; abaxial, outer cell wall, 
thickened. Prickles: sharp pointed at the top of the ribs, mixed 
with papillae. Blooming: December-July. Habiatat and distribution: 
growing in marshy and boggy alpine lakes, or open hills in the 
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puna (3,500—5000 m) of Peru, Bolivia, Chile, and Argentina. Natural 
pasture, forming islands in seasonal pools. Other specimens examined; 
BOLIVIA: Dept. La Paz. Prov. Murillo, 3.4 Km north of Milluni on the 
road to Zongo, April 25, 1985, 4,600 m, ^  Escalona and Solomon 
B549; Hichucota Valley, May 3, 1985, 4,000 m, Escalona and Ostria 
'B566, Dept. Potosi, Laguna Potosi, D^  Orbigny 182 (type fragment 
US); Dept. Là Paz. Prov, Larecaja, 43.1 Km northeast on road up then 
Hichucota Valley at base Cerro Mulla Apacheta, 4,800 m, February 19, 
1980, Solomon 4995 (MO); Prov, Larecaja, vicinity of La Paz 
on the road to Coroico, 5,000 m, April 1857, Mandon 1319 (US). 
Depto. La Paz. Prov, Murillo 2 Km despues de la Cumbre, carretera al 
Valle de Zongo, April 7, 1979, 4,750 m, S^  Beck 1267 (K). 
Bolivia, Callutaca, 5 Km of Rio Seco-Laja, March 15, 1973, 3,930 m, 
K. Parker y ^  Lara 24c (US, Utha). ARGENTINA: Dept. 
Capital. Prov, Jujuy; refugio del Nevado de Chani, March, 1963, 
4,200 m, ^  Fabris 4053 (US). CHILE: Prov. Coquimbo ^  C^  Gay, 
1838 (US, FM); Prov. Santiago, paso de las Nieves Negras, 3,300 m, 
February, 1949, Gunchel. L. Lugo 20465 (US); Volcan San Jose, 
3,500 m, January, 1951, Ludwlg 20669 (US); Dept. Tacna. Prov. 
Tacna. Cordillera Volcan Tacna. PERU: Prov. Agapata in summit 
of the Cordillera Cacanun, 1965, ^  Lechler 139a (US fragment); 
Ancash: Prov. Bolognesi, around Huomonueque lagoon, 4,100 m. May 
14, 1952, E_^  Cerrate 1568 (US); Dept. Arequipa. Prov. Vincocaya, 
4,370-4380 m, no information. Dept. Casapalca, 4.000 m. May 
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21, 1922. Macbride and Featherstone 864 (US, FM); Dept. 
Huancavelica, Prov. Tayacaja, hacienda Huari. March, 1955, 3,900-
4,000 m,  ^Salasverry 107 (US); Dept. Junin, Prov. Cerro 
Huaron 4,200 m, June 6, 1940, Asplund 11802 (FM); Dept. Puno, 
Prov. Carabaya Fauchinta AUinccapac, 4,600 m, April 1, 1948, C. 
Vargas 7167 (US). Ancash. 4,300 m. May, 1926, Werdermann 
9137 (FM) Depto. Puno; Prov. Carabaya Hacienda Lacka; Mucusani, 
March 15, 1949, 4,400 m, Vargas 7892 (US). Depto. Junin: Prov. 
Tarma, road to Atocsayco, 1 Km from Junin, La Oroya road. May 16, 
1982, 4,260 m, ^  Smith 1610 (MO); Prov. Huancayo, Nevado 
Deuytapallana, noreste de Huancayo, April 7, 1959, 4,900 m, 
Raush and Hirsh P1772 (US). Depto. y Prov. Huancavelica, 
Huytanayoc-Tansiri, Distr. de Conaica, May 9, 1956, 4,500 m, 
0. Toy r 2530 (US, GH). Depto. Puno. Prov. Carabaya; Cocachacra, 
sur oeste de Llave, Nov. 26, 1946, 4,850 m, 0^  Tovar y ^  Pearson 
97 (US). Depto. Junin. Prov. Yauli Ticlio, boggy lakeshore, 
June 13, 1940, 4,750 m. Asplund 11652 (US). Depto. Huncavelica 
Prov. Huaytanayoc-Tansiri May 9, 1986, 4,500 m, 0^  Tovar 2530 (MO). 
Depto. Cuzco; Prov. Chunbivilcas, hacia Huyllaapacheta, May 26, 
1947, 4,520 m, C^  Vargas 6577 (US). 
Discussion 
C. chrysantha resembles C^  ovata, but differs in having 
an ovate ovary, longer, multilobate lodicules, U-shape leaf outline 
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with papillae on the adaxial surface, continuous abaxial sclerenchyma, 
adaxial sclerenchyma as arched strands at the top of the ribs, smooth 
abaxial surface» long filaments bearing long anthers, shorter awn and 
glumes, oblong inflorescence. Calamagrostis chrysostachya from Chile 
has been considered as a synonym (Hitchcock, 1927; Tovar, 1960) 
for this species, but cluster analysis revealed that these are two 
different species differing in very specific characters. For example, 
C. chrysostachya exhibits shorter glumes and callus hairs in two lateral 
tufts with rachilla hairs shorter, and a narrow and short inflorescence. 
Both cladistic and cluster analysis revealed possible relationship 
among this species and hackeli, C. eminens, C. ovata, C. eminens 
eminens, C. aurea, C. fulva, C. polyStachya, and ligulata, all living 
at high altitudes (3,000-4,500 m in humid, boggy habitats, or close 
to streams. All have golden-shining inflorescences, similar spikelets., 
stipitate floret, and similar ligule. 
12. Calamagrostis ovata (Presl) Steud. Nom. Bot. 1:251. 1840. 
Deyeuxia nivalis Wedd. Bull. Soc. Bot. France 22:176-180. 1875 
Deyeuxia anthoxantum Wedd. Bull. Soc. Bot. France 22:179. 1875. 
Deyeuxia capitata Wedd. Bull. Bot. France 22:176. 1875. 
Deyeuxia ovata Presl. Rel. Haenk. 1:256. 1830. 
Calamgrostis pflanzii Pilger. Bot. Jahrb. 49:184. 1912. 
4 
Stylagrostis nivalis Mez, Bot. Archiv. 1:20. 1922. 
Calamagrostls chrysantha 
Plant. Bar • 1 cm Werderman 1140 
Ligule. Bar = 8 mm Escalona et al. B566 
Glumes and lemma stipe. Bar " 2 mm Smith and 
Escalona 10181 
Floret. Bar =• 1 mm Smith and Escalona 10181 
Ovary and stamens. Bar = 1 mm Smith and Escalona 
10181 
Leaf blade cross-section. Bar = 1 mm Escalona 
et al. 3566 
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Styla;>rostls ovata Mez, Bot. Archiv. 1:20. 1922. 
(Figs. Ij, 4, 13, 19, 22, 28, 30, 74, 77). 
Type; "Hab. In Peruviae montanls huanocenslbus," Huanuco, Peru. 
Haenke (Isotype US 2105044). 
Perennial, short, densely tufted plants with Inflated sheaths. 
Culms ; erect, 10-40 era tall, red-purple, forming dense clumps. 
Sheaths; loose, often inflated, surface smooth, shining. Ligules; 
membranaceous, ribbon-like, 1.5 cm long, with filiform apex. Blade; 
conduplicate, 1.3-5 mm wide, 3-10 cm long, soft, glabrous. Panicles; 
dense ovoid golden shining spikelike panicles, 2-6 cm long, 1.5-3.5 wide, 
very dense branches appressed. Spikelets; 7.3-13 mm long with pubescent 
pedicels. Glumes; long acute with scabrous medial vein, subequal, 
yellow—bronze, shining, 9-12 imn long. Lemma; membranaceous, slightly 
bidentate at the apex, glabrous, or sometimes scabrous at its base, 3.3 
4.3 mm long. Awn; straight, suprabasal 3-5 mm long, mostly exceeding 
the lemma by about 0.5-1 mui. Lemma stipe; 0.5 long. Callus ; pubescent, 
hairs numerous setose, 3-4 mm long or as long as the lemma. Palea; 
membranaceous, glabrous, truncate apex, keel scabrous. Rachilla 
extension; thin, 0.8-1.3 mm long slightly pilose, hairs 1.2-2 mm long, 
shortening toward the apex, glabrous below. Ovary; ovate with two large 
plumose stigmas. Stamens ; 3; anthers linear 0.5-1 mm long. Caryopsis; 
ovate. Endosperm; solid. 
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Mlcrocharacters 
Leaf blade ; conduplicate, V-shaped 2 mm wide outline with an 
angle of 45° with arms straight. Adaxial ribs and furrows ; nine 
triangular topped ribs, with prickles at the top, 8 U-shaped furrows, 
bearing bulliform cells at its base, and stomata on the side wall. 
Medial vascular bundle ; leaf blade folds on the first order vascular 
bundle, inÇo two asymmetric arms, no projection of the midrib 
abaxially. Vascular bundle arrangement : 1 first order vascular 
bundle and 8 second order distributed asymmetrically in both arms 
of the blade (three and five), second order vascular bundles round, 
and first order vascular bundle elliptic. Bundle sheaths ; inner 
sheath with interior cell wall thickening, outer sheath composed of 
large rounded cells surrounding the vascular bundle not interrupted 
by sclerenchyma. Sclerenchyma; adaxial, as minute strands (2-3 cells 
thick) over the vascular bundles, not in contact with the sheath, 
separated by mesophyll; abaxial, as minute strands (1-2 cells thick) 
below the vascular bundle, not in contact with the bundle sheath, 
separated by mesophyll; between bundles, abaxial strands opposite 
to furrows; leaf margin with a narrow very pointed projection. 
Papillae; one per epidermal cell, narrower than epidermal cells, 
relatively, broad but not more than half the width of the epidermal 
cells. Epidermal cells; adaxial, outer walls thickened and covered 
by thin cuticle; abaxial, outer wall thickened, covered by thick cuticle 
Prickles ; 1-4 pointed broad prickles, located at the top of the ribs. 
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Silica bodies! equidimentional. Mesophyll; chlorenchyma cells 
elongate somewhat radiating from the outer bundle sheath, with 
cellular air spaces. Blooming; April-January. Habitat and 
distribution: gravelly slopes on high altitude puna 4,000-5,200 m 
in Peru and Bolivia, grazed by cattle and deer. Other specimens 
examined; BOLIVIA; Andium Boliviae via Sorata, Laguna Juriguana, 
May, 1859, 3,600-4,500 m, Mandon 1320 (Fragment US, GH); Dept. La Paz. 
Illimani, below snow line, Dec. 16, 1923, 4,850 m,  ^S_^  Hitchcock 
22591 (GH, US); Prov. Nor Yungas, at the top of the La Cumbre in a boggy 
place, April 15,*1939, 4,500 m. Eyerdam 25112 (F, GH, MO); Prov. Murillo. 
La Cumbre, February 10, 1926, 15, 200 ft. G^  Tate 12 (US); La Paz, above 
Itabaque, ^  Cardenas 6033 (US); 3.4 km North of Milluni on the road to 
Zongo. April 25, 1985, 4,600 m, Escalona et al. B547; 5.5 Km. North 
of Milluni on the road to Zongo, April 25, 1985, 4,700 m, F^  Escalona 
et al. B554. La Paz, Larecaja. Vicinity La Paz via Coroico, 
April, 1857, 5,000 m, Mandon 1318 (GH). Palca-La Paz, 5,000 m, K. 
Pflanz 305 (US, US). Depto. La Paz; Prov. Inquisivi, Cordillera 
Très Cruces, glaciar Malachuma, Dec. 24, 1978, 4,950 m, S_^  Beck 
84 (K). Prov. Larecaja, Vicinus Sorata, April 1860, 4,500 m, G^  Mandon 
1318 (K). Depto. La Paz, La Laucha, 5,000 m, Weddell ^  (US). Bolivia 
top of the pass on the Tipuani-Ancoma- Sorata trail, April 30, 1926, 
16,000 ft. H. Tate 7806 (US). Bolivia. La Paz, Sept. 25, 1932, 5,000 
m, P^  Farrer (US). Bolivia. Cerro Tunari, May, 1911, 5,100 m, T 
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Herzog 2107 (US). Bolivia. 30 Km from La Paz, Chacaltaya, February 
1908, 4,800 m, 0. Buchtien 1192 (US). Villoco, March 22, 1949, 4,500 
m, ^  Brooke 5368 (F). La Paz. Dry slope above a lake near Mt. Huayna 
Potosi, Sept. 11, 1959, 4,654 m, Barclay 9246 (US, MO). Bolivia. 
D' Orbigny 110 (F 881361,881360); Potosi. D^  Orbigny 197 (US). Depto. 
La Paz: Prov. Murillo, Road to Valle de Zongo, nevado Chacaltaya, March 
15, 1984, 4,900 m, Solomon et al. 11766 (MO). Bolivia. 10 Km of 
Palca, Jan. 5, 1973, 4,500 m, K^  Parker 40H (MO, Utah). La Paz; Prov. 
Murillo, Valle de Zongo, March 1983, 4,780 m, ^  Solomon 9788 
(MO). Bolivia. Tiquila, Cordillera Real, 1909, 5,200 m, ^  Knoche 3 
(US). Bolivia. Palca, 5,000 m, Kj^  Pflanz 305. PERU: Dept. 
Ancash. Prov. Bolognesi, camino a la laguna Huamahueque. Cerrate 
1606 (US); Prov. Huaraz. Slopes of Huandoy Cordillera Blanca. 
Llanganuco Valley. Recent moraine granite, July 18, 1968, 4,500 
m, D^  Batgate 23 (FM). Prov. Ancash, Llanganuco Valley on moraines 
of Cordillera Blanca, Aug. 1959, 4,000-5,000 m, J^  Tothill 160 
(US). Dept. Junin, Prov Huancayo, Localidad cerca de la Laguna 
Huacracocha, al este de Huancayo, May 2, 1954, 4,200 m, 0^  Tovar 218 
(GH); Mount La Juntay, near Huancayo, April 27, 1929, 4,700 m (Puna), 
P. Killip and C^  Smith 22052 (US). Prov. Yauli, Anticona below a 
glacier, Asplund 11571 (F ); Dept. Puno; Prov. Carabaya, 
Hacienda Laeka Mucusani, C^  Vargas 789 (US); Prov. Carabaya. 
Loc. Fauchinta, Allinceapac, P^  Vargas 715 (US); Depto. 
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Puno; Prov. Carabaya, localidad Mucusana. Hacienda Laeka, April 
1950, 4,500 m, Marin 2103 (US). Depto. Junln: Mount la Juntay near 
Huancayo, April 27, 1929, 4,700 m, (puna), Kllllp and ^  Smith 
22117, 22079 (US, F). Depto. Junln: Huytafallarca, Acopalca, May 4, 
1961, 4,600 m, 0^  Tovar 3383 (MO). Prov. Tablna: May, 1854, Lechler 
2057 (K). Andes of. Plllchuco, Sept. 1868, 16,00 ft. M. Parce (K). 
Depto. Junln Prov. Yaull, Antlcone, gravelly shore of a glacier, June 
2,1940, 4,800 m (US). Llanganuco valley, Cordillera Blanca, Aug. 1959. 
No collector name (US). Depto. Cuzco: Prov. Urubamba, Ollantaytambo, 
2 Km north above the town of Las Penas on Mt. Veronica, Sept. 2, 1983, 
4445 m, and S. Tllney Peyton 1121 (MO). Depto. Cuzco; Prov. 
Urubamba, Machu-Plchu at the base of Mt. Salcanty In Isaypampa, near 
the top of Palcay Pass, May 1, 1982, 4,470 nj ^  and S. Peyton 111 (MO). 
Depto. Junln: Antlcona Pass, 140 km east of Lima on road to La Oroya, 
Dec. 16, 1978, 4,890 m (Puna), ^  Dillon et al. 1312 (É). Depto. Lima: 
Prov. Casapalca, June 15, 1969, J^  Goukup 6089 (US). Depto. Cuzco: 
Acusangate, May 20, 1954, 4,750 m, Rauh and Hlrsh PI155 (US); May 10, 
1954, 4,600 Q, Rauh and Hlrsh P1181 (US). Peru: Dec. 9, 1920, ^  
Stordy 10 (K). Peru: Prov. Urubamba, Ollaytambo Sept. 3, 1982, 4,285 
m, Peyton 1527 (MO). Peru: Mt. Guanoc, Haenke 3995 (US). Depto. 
Junln: Mt. La Juntay near Huancayo, April 27, 1929, 4, 700 m, Kllllp 
22079 (US). Peru. Los Banos, Wilkes (US). Depto. Ancash. Prov. 
Recuay, Huascaran National Park. March 31, 1985, 4,700 m, ^  Smith 
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and Fj_ Escalona 19177 (ISC), May 10, 1985, 4,700 m, Smith et al. 
10698 (ISC). Peru. Kwche 25 (US). Depto. Junin; Prov. Ticlio, 
February 14, 1954, 4,850 m, Rauh and Hlrsh P89 (US). Depto. 
Ancash-Carhuaz, Huascaran National Park, quebrada Ishinca, side valley, 
July 16, 1985, 4,700 m, Smith et al^  11186 (ISC). 
Discussion 
This species resembles Cj_ hackelli from Argentina, but the latter does 
not develop callus hairs, has a rudimentary a\m or none and has a glabrous 
rachilla. C^  ovata also can be mistaken for C^  chrysantha, but is 
distinguished from it in exhibiting a V-shaped type of leaf, reduced 
sclerenchyma, very.small papillae, 9-10 vascular bundles, a longer awn, 
and very small anthers (0.5 mm). 
13. Calamgrostis eminens (Presl) Steud. Nom. Bot. 1:250. 1840. 
Deyeuxia eminens Presl. Rel. Haenk. 1:250. 1830. 
Deyeuxa elegans Wedd. Bull. Soc. Bot. France 22:177, 179. 1875 
Agorstis eminens (Presl) Gris. Abh. Ges. Wiss. Goettingen, 19:254. 1874 
Calamagrostis eminens var. tunariensis Kuntze, Rev. Gen. PI. 3.(2):344. 1898. 
Calanagrostis eminens var. sordida Kuntze. Rev. Gen. PI. 3(2)344. 1898. 
Calamagrostis eminens f. brevipila Hack, in Stuck. Anal. Mus. Nac. 
Buenos Aires 21:99. 1911. 
Stylagrostis eminens Mez, Bot. Archiv. 1:20. 1922. 
Stylagrostis elegans Mez, Bot. Archiv. 1:20. 1922. 
Calamagrostis elegans Henr. Med. Rijks40;61. 1921 
(Figs, li, 17, 26, 29, 32, 33, 75, 77). Common name: "Sora-sora" 
Calamagrostis ovata 
Plant. Bar = 1 cm. Peyton et al. 111b 
Glumes and lemma stipe. Bar = 1 mm. Escalona et al. 
P446 
Floret. Bar = 2,25 mm. Escalona et al. P446 
Flower. Bar = 1 mm. Escalona et al. P446 
Caryopsis. Bar = 1 mm. Escalona et al. P446 
Leaf blade cross-section. Bar = 1 mm. Turner 
et al 1312 
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Type; "Habita in Peruviae montanis huanoccensibus." Huanuco. Peru. 
Haenk. Holotype fragment (US 81862) 
Perennial, caespitose. Culms : erect, 30 cra-1 m tall. Sheaths: 
glabrous, many nerved, 4-7 mm long. Ligules : lanceolate, hyaline, 
membranaceous, pointed apex, 10-18 mm long. Blades ; involute, 
y 
scabrid on both sides, 10-30 cm long, 0.5-1.5 mm wide. Panicle; 
25-30 cm long, glomerate or subglomerate; branches verticillate; 
branchlets somewhat drooping, 25-30 cm long, bronze-yellow shining, 
rachis minutely scabrid. Spikelets; 5 mm long with scabrous or 
glabrous pedicels. Glumes ; subequal, keeled, flavo-purpuraceous, 
ovate-lanceolate, keel scabrid, glume 1; 4.5 mm long, 1-nerved; glume 
2: 5 mm long, 3-nerved. Lemma; hyaline, tapering into four teeth, 
glabrous, awnless or awn pointed, 2.5-3 mm long. Lemma stipe ; 0.5-1 
mm Callus: round, with hairs 2.5 mm long. Awn; suprabasal, straight, 
2-5 mm long. Palea: 1.5-2 long, hyaline, glabrous, lanceolate, 
keel scabrid sometimes glabrous. Rachllla extension: 1-1.7 mm long, 
hairs chiefly basal 1-1.5 mm long. Ovary ; 0.5-1.5 long, ovate, with 
two plumose stigmas. Stamens: 3; anthers linear, 1-1.5 mm long, purple 
to yellow. Caryopsis; elongate, 2-3 mm long, with solid endosperm. 
Microcharacters 
Leaf blade : V-shaped outline with an angle of 45° concave, 
inrolled from both margins (involute), Adaxial ribs and furrows ; 6 
units or ribs, with triangular or rounded tops, 5 deep wide base U-shaped 
furrows. Medial vascular bundle: not distinguishable by position. 
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Vascular bundle arrangement : one first order vascular bundle alternating 
with five laterals, asymmetrically distributed, located in the central 
part of the blade, round. Bundle sheaths : the inner completely developed 
cells with inner tangential wall thickening, the outer not complete, made 
up of thin-walled cells. Sclerenchyma; adaxial absent, abaxial strands 
(3-4 cells thick) opposite to the vascular bundles and bulliform cells, 
leaf margin sclerenchyma a pointed cap, sclerenchyma between bundles, 
absent. Papillae; globose, 4-per cell, centrally positioned, located 
at the top of the ribs. Prickles ; sharp pointed, base broad, located on 
sides and top of the ribs. Silica bodies; equidimentional. Blooming; 
February-August. Habitat and distribution; in boggy swamps, side of 
streams, or very humid hills, in Peru, Bolivia, Chile, and Argentina. 
Other specimens examined : ARGENTINA; Prov. Tucuman. Depto. Tafi. 
Chanan del Pozo, May 4, 1920, 3,600 m, Schrelter 4434 (US, L) 
Depto. Chichigasta, Estancia Santa Rosa, en caja de agua, March 16, 
1924, 3,600 m, S^  Venturl 3206 (US). Prov. Tucuman, El Pelade, 
March 18, 1912, 4,000 m, Rodriguez 446 (US) Prov. San Juan, Valle del 
Mercedario, Jan 15, 1953, Castellanos 15373 (US). Prov. San Juan, Rio 
Colorado que baja Mercedario, Jan. 28, 1953, Castellanos 15375 (US). 
Prov. San Juan; Cordillera de Colanguil, Vaca Muerta, Feb. 3, 1950, 
Castellanos 15392 (US). CHILE; Prov. Tacna, Cordillera Volcan 
Tacora, Chisluma, May, 1926, 4,500 m, E^  Werderman 1157 (MO, F, US, GH). 
Prov. Atacama; Depto. Copiapo, Cordillera Rio Figueroa, Paredones, Jan., 
926, 3,000 m, E. Werderman 986 (GH, F). BOLIVIA; Depto. Cochabamba; 
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Prov. Arani near summit of the pass, Cordillera de Cochabamba, in 
mountain meadows on the slope, black sandy loam, October, 1939, 4,500 m, 
W. Eyerdam 24850 (F). Dept. La Paz, Prov. Murillo. Vicinity of Mina San 
Francisco, 11 Km North-east of Ventilla along Choquekota river. May 
20, 1985. 4,400 m, ^  Escalona and ^  Solomon B669. PERU: Depto. 
Ancash. Prov. Recuay. Pass above Querococha, puna grassland. February 
23, 1985, 4,300 m, F^  Escalona and ^  Smith P420 (ISC, MO, US). 
Discussion 
Tovar (1960) considered Deyeuxia polystachya Wedd. as synonym for 
C. eminens and Hitchcock (1927) included this species under uncertain 
species named by Weddell (1875). Studies of representative specimens for 
the species by cluster analysis revealed it as a different species. 
Tuerpe (1962) considered a separate variety C^  eminens var. brevipila 
(Hack) Tuerpe but cluster analysis also determined this variety is a 
synonym for Cj_ eminens. 
14. Calamagrostis aurea (Munro) Hack. Sodiro, Anal. Univ. Quito. 8. 1884. 
Deyeuxia aurea Munro ex Wedd., Bull. Soc. Bot. France, 22:176-179. 1875. 
Calanagrostis longigluma Pilger, Bot. Jahrb. Engler 42:71. 1908. 
Stylagrostis longigluma (Pilger) Mez, Bot. Archiv. 1:20. 1922. 
(Figs. If, 21, 25, 27, 76, 77). 
Type: ECUADOR: Quito. Mount Pichincha, stony summit. September, 1859. 
Jameson, 836. Isotypes (US 844972; K H/974/85: 22 and 24). 
Perennial, dense caespitose. Culm: stout, angular, robust, erect, 
10-30 cm tall. heaths : glabrous, fibrous, inflate. Ligules: 
Fig. 75. Calamagrostis eminens 
a. Plant with leaves and glomerate s pikelets 
at the end of the branches and branchlets. Bar = 6 cm. 
F. Escalona and D. Smith 420 
b. Glumes and lemma stipe. Bar =1.3 mm. Solomon 2921 
c. Floret. Bar = 1.5 mm. Solomon 2921 
d. Ovary. Bar =1.2 mm. Anthers. Bar =0.5 mm. Solomon 
2921 
e. Leaf blade cross-section. Bar = 1 mm. Eyerdan 
24850 
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membranous, rlbbon-llke, subulate, bifid, 1-15 mm long. Blades; firm, 
glabrous, permanently involute, flattened laterally, 10-27 cm long, 4 mm 
wide. Panicle: 6-10 cm long oblong dense, golden, branches 
semiverticillate, rigid, appressed, flexuoses, rachis pilose or scabrous. 
Spikelets; 0.7 mm long, sometimes bearing two florets per spikelet, 
pedicel pubescent. Glumes ; narrow long-acuminate, 7 mm long, keel 
scabrous. Lemma; obtuse or truncate, mostly glabrous or erose. Awn; 
subapical, straight 1.5 mm long, exceeding or not the lemma. Callus : 
round, densely hairy, with hairs 1.5 mm long. Lemma stipe; 1 mm long 
below the floret. Palea; lightly hyaline, elongated, margin ciliate, 
teeth four. Rachilla; 2-2 mm long, densely pilose, capitate, lower 
hairs shorter than the upper ones, distributed in the middle part of the 
rachilla, 2 mm long. Ovary ; elongate contained in an infolded hyaline 
sac-like structure, 0.7-2 ram long. Lodicules; 2, acuminate, hyaline. 
Stamens; 3, with slender filaments, bearing linear anthers, 1.5 mm long. 
Caryopsis; elongate, endosperm liquid. 
Microcharacters 
Leaf blade; outline infolded, U-shape, arms rounded or inwardly 
bowed forming an incomplete oval or ellipse, with flat sides 2 mm 
wide. Adaxial ribs and furrows ; 12 obtuse adaxial ribs with rounded 
apices, 2 mm long, over the vascular bundles; 11, wide U-shaped 
furrows with the base fairly broad but sides steep, located between 
all vascular bundles. Medial vascular bundle ; not distinguishable 
from the first-order vascular bundles. Vascular bundle arrangement ; 
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6 first order vascular bundles and 6 second order vascular bundles 
located In the base of the ribs, close to the abaxlal epidermis, 
pyrlform first-order vascular bundles with the broadest part abaxlally. 
Sclerenchyma; abaxlal continuous subepidermal band 2-3 layers thick not 
connected to the vascular bundles, adaxlal arching, subepidermal strands 
(2-4 cells thick) at the top of the ribs'; between vascular bundles as 
hypodermal continuous layer (3-4 cells thick); leaf margin, a cap-shaped 
structure (6-8 cells thick). Papillae; .. Inflated as vide as epidermal 
cells with thick wall. Prickles: few, pointed with broad base, located 
mainly at the top of the ridges. Epidermal calls ; abaxlal epidermal 
cells with inner tangential wall thickened. Blooming; April-December. 
Habitat and distribution; stony slopes, marshes, at high altitudes in 
the Andes of Ecuador, Colombia, and Peru as part of paramo vegetation, 
4,000-5,000 m. Other specimens examined; COLOMBIA: Depto. Boyaca, 
Cordillera Oriental, Sierra Nevada del Cocuy, Alto Ritacuva, April 11, 
1959, 4,650 m, HU Barclay and P^  Juajibl'oy 7357 (MO, US); April 24, 
1959, 4,450 m, ^  Barclay and P^  Juajibioy 7452 (US); paramo de Pisva, 
Morros de San Gabriel, 2 Km al SW dee la Laguna Batanera, June 18, 
1972, 3,740 m, ^  ^ Cleef 4715 (US). ECUADOR: Prov. Chimborazo, 
between Urbina and Mt. Chimborazo, October 4, 1923, 3,600-3,400 m, A. 
Hitchcock 21968 (US,G); eastern slope of mount Chimborazo, Aug. 28, 1939, 
4,450 m, ^  Asplund 7943 (US); Santiago Zamora, Cordillera Oriental, 
paranfo de la Lapa Negra al norte y este delao, August 11, 1959, 4,100-
4,300 m, H^  Barclay and P^  Juajibioy 8748 (MO), de Alao a Gushnija. 
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Cordillera Oriental, February 8, 1944, 3,500 m, ^  Acosta-Solls 7223 
(US). Imbabura, northeast side of Cayambe Mountain, December 14, 1961, 
4,000 m, Cazalet and Pennington 5767 (US); May 9, 1954, 4,500 
m, Rauh and Hlrsh E150 (US). Depto. Carchi, El Altar, Hans 
Meyer 144 (US). Prov. Pichincha, at the botton of Pichincha volcano 
crater, Dec. 1923, 3,000 m. Harteman 84 (US). Prov. Pichincha, 
sive Andium Quitensium in Monte Pichincha prope llmiten nivis perpetua, 
January 21, 1856, 4,000 m, ^  Jameson 48 (no number). Quito, September 
1859, ^  Jameson 836 (US, G). Quito, Mt. Pichincha, 1850, ^  Jameson 
95 (US). In pascuals Andium, February 25, 1886, Sodiro (US). No 
information, Ecuador-Andes (US), Jameson 189 (US). Prov. Pichincha, 
Lloa, falda oriental de la Montana Pichincha, November 28, 1950, 4,000-
4,900 m, ^  Acosta-Solls 1984 (US). PERU; no Information, II E150 (US). 
Depto. Junin, Hacienda Runatuka, 1909-1914, 4,500 m, ^  Weberbauer 
6631 (G). Huaraz, Road to Juarez y La Union Achicote River, Huaylas 
y Conchuco, 4,700 m, February 25, 1985, Escalona and ^  Smith P447 
(ISC, US, VEN, USM). 
Discussion 
This species was considered endemic to Ecuador by Sodiro (1930), 
but It has been found also In Colombia and Peru. Calaiaagrostis aurea 
resembles Calamagrostis ligulata, but differs by its dense, golden-
yellow panicles 6-10 cm long, awn inserted from the near lemma summit, 
long narrow glumes (resembling also Calamagrostis ovata in this character), 
liquid endosperm. Involute leaves, abaxial sclerenchyma as a continuous 
layer, abaxial as arched strands, and papillae on the adaxlal surface. 
Fig. 76. Calamagrostls aurea 
a. Plant. Bar = 1.8 cm. Asplund 7943 
b. Glumes and lemma stipe. Bar = 1.65 mm. 
Jameson 836 
c. Floret. Bar =• 2 mm. Jameson 836 
d. Ovary. Bar = 2 mm. and anther Bars = 1.5 mm. 
Jameson 836 
e. Leaf blade cross-section. Bar = 4 mm. 
Acosta-Solis 7223 
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X. APPENDIX 
This appendix included other species and their synonymy presenting 
stipitate florets, members of subsection Stylagrostis, distributed in 
the same but discover later or other geografic areas not considered in this 
study. Morphological and anatomical studies were done in species listed 
here in order to clarify synonyms. 
* = species excluded as synonym 
// = species included as synonym 
1. Calamagrostis erythrostachya (Desv.) Hack ex T. Stuckert, An. Mus. 
Nac. Buenos Aires 13:476. 1906; 
Deyeuxia erythrostachya Desv. in C. Gay, Hist. Fis. y Pol. de Chile, 
Bot. 6:324. 1853. R. de Agrasar, Darwiniana 19(24):407. 1975, 
1978. F. Kurtz in N. Alboff, Contr. Flor. Tierra del Fuego pag. 
43. 
Calamagrostis stipitata Hitchc.; J. Wash. Acad. Sci. 20(15):382. 
1930. 
Type Argentina: Prov. Mendoza, Valle Hermoso, 2,000 m. Stuckert 
3019. 1897. (HA) 
2. C. fulva (Griseb.) Kuntze Rev. Gen. PI. 3(11):344. 1898. 
Deyeuxia laxiflora Phil Anales Mus. Chile Bot. 8:84. 1891. 
Agrostis fulva Griseb. Abh. Ges. Wiss. Gottingen 24:294. 1879. 
Deyeuxia arundinacea Phil. Anal. Mus. Wac. Chile Bot. 8:84. 1891. 
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Deyeuxla robusta PWl. Fl. Atacam. 54 1860. 
Calamagrostls rupestrls Trln. Gram. Pan. 28. 1826. 
Calamagrostls robusta Phil. Anal. Univ. Chile. 94:19. 1895. 
Type based on Agrostls fulva Grlseb. Chile. Prov: Salta. 
Nevado del Castillo. South America. 
Calamagrostls cabrerae Parodl Revlsta Arg. Agron. 15:59. 1948. 
Deyeuxla cabrerae (Parodl) Parodl Rev. Arg. Agron. 20:14. 1953. 
Type Argentina: Prov. del Jujuy: Basques, Campo Amarillo cerca de 
Olacopato. 4,000 in. Jan 31, 1944. Cabrera 8290 (Holotype 
US 1962696). 
Calamagrostls haclcell Lillo in Sutckert Anal. Mus. Nac. Bs. Aires 
21:100. 1911. 
Deyeuxla hackell (Lillo) Parodl Rev. Agr. Arg. 20:14. 1953. 
Calamagrostls capitata Hackel 
Type Argentina; Dept. Tafi. Prov. Tucuman. Stuckert 17,743 ex 
Lillo 5,602 
Calamagrostls chrysostachya (Desv.) Kuntze Rev. Gen. PI. 3(3):344. 
1898. * Species excluded as'synonym for C^  chrysantha. 
Deyeuxla capitata Wedd. Bull. Soc. Bot. France 22:176. 1875. 
Deyeuxla chrysostachya (desv. in C. Gay Fl. Chil. 6:323. 1853. 
Type Chile: Prov. de Coquimbo. Cordillera de Los Patos, 3,680 m. 
C. Gay. 
Calamagrostls nacrophylla (Pilger) Pilger Bot. Jahrb. Engler 42:60. 
1905. 
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Deyeuxla macrophylla Pllger Bot. Jahrb. Engler 25:711. 1898. 
Type Ecuador; Pichincha, Verdecuchu. Stubel 34 
7. Calamagrostls suka Speg. Anal. Mus. Nac. Bs. Aires 5:86. 1896. 
Deyeuxia suka (Speg.) Parodi, Rev. Agr. Arg. 20:14. 1953. 
Type Argentina; Fuegia, Brecknok Pass; Basket Isl.; Shammakus. 
Spegazzlni. 
8. Calamagrostis boyacensis Swallen & Garcia, Caldasia 2:302. 1943. 
Type Colombia; Dept. Boyaca: Cordillera Oriental, Nevado del cocuy 
alto valle de Lagunillas. Cuatrecasas & Garcia-B 1461. (US) 
9. Deyeuxia diemii Rug. nov. spec. Darwiniana 19(2-4):404-412. 1975. 
Type Argentina; Dept. Los Lagos: Parque Nacional Nahuel Huapi, 
cercanlas del refugio del cerro Colu Mahuida, 1,600 m. Nov. 11, 
1940, Diem 254 (BAA). 
10. Calamagrostis nemoralls R. A. Phil. Anal. Univ. Chile 94:18. 1096. 
Deyeuxia nemoralis R. A. Phil, ex Kuntze, Rev. Gen. Fl. 3(3):344. 
1896. 
Deyeuxia viridis Phil. Linnaea 33:288. 1065. 
Type Chile; Prov. Valdivia, Los pantanos dicto praedii S. Juan. 
Januario 1881. 
11. Calamagrostis patagonica (Spegazzini) Macloskie in Scott. Rep. 
Princeton Univ. exped. Patagonica 8:195. 1904. 
Deyeuxia patagonica Spegazzini Anal. Mus. Nac. Bs. Aires 7:191. 
1902. 
Type Argentina: "hab. in pratis collinis editioribus prope 
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Caren-leofu (Chubut).  ^Illin 
12. Calamagrostis alba (Presl) Steud. Nom. Bot, 1:249. 1840.; Syn. Pl. 
Gram. 191. 1854; Burkart, Fl. Entre Rios 2:121. 1969; Roseng., 
Arrill., and Izag., Gram. Urug. 26; 1970; A. N. Kampf, Anu. Tec. 
Inst. Pesq. Zoottec. Porto Alegre 2:600. 1975. 
Deyeuxla alba Presl. Rel. Haenk. 1:248. 1830. • 
Calamagrostis montevldensis Nees var. armata Doell in 
Martlus Fl. Bras. 2:55. 1878. 
Calamagrostis armata (Doell) Parodi. Rev. Arg. Agron. 16:68. 1949. 
Calamagrostis armata var. subcont'r'acta Parodi 16:70. 1949. 
Deyeuxia armata (Doell) Parodi, Rev. Arg. Agron. 20:14. 1953; 
Cabrera and Rugolo in Cabrera, Fl. Prov. Bs. Aires 2:221. 1970. 
Calamagrostis alba ssp. tricholemma Roseng., Arrill. & Izag., Gram. 
Urug. 27. 1970; A. N. Kampf, Anu. Tec. Inst. Pesq. Zootec. Porto 
Alegre 2:605. 1975. 
Type "hab. in Peruviae montis huanoccensibus" Haenke 
13. Calamagrostis viridlflavescens var montevldensis (Cabrera et Rugolo) 
A. N. K nov. comb. 
Deyeuxia splendens Brogniart. in Duperrey, Voyage de la Coquille, 
Bot. 23. 1829. 
Type; Brazil. Santa Catarina M. D'Urville. 
Calamagrostis montevldensis Nees, Agrost. Bras. 401. 1829. 
Deyeuxia viridlflavescens var. uontevidensis (Nees) Cabrera et Rugolo 
nov. comb. Flora Prov. Buenos Aires 
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14. Deyeuxla polystachya Wedd. Bull. Soc. Bot. France. 22:177,180 
1875. 
Stylagrostls polystachya Nez Bot. Arch. 1-2. 1922. 
* This species is not listed as Calamagrostis but, as an 
uncertain species by Hitchcock (1927). The type has not been 
examined and it was the base for Stylagrostis polystachya (Mez, 1922). 
Neither Weddell (1875) nor Mez (1922) mentioned the species type. The 
author studied one specimen of Stylagorstls polystachya (US 1720266). 
More material should be examined in order to clarify its taxonomic 
position. 
